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SUMMARY 


H*m  it  possible  need  fur  Increased  **  f  f  i  i  I  ency  in  gunnery 

,m!  fh*'  dependence  o!  increased  training  efficiency  on  the 


■  v.i  i  1  ah  i !  i  t  v  «»!  ,i  p,.,>]  ui  data  bj«e 


of  gunnery  job  objectives,  the  US 


■I  .:'.  Atrvu  Nchuu!  i it i i  (ji oil  research  to  develop  the  data  bane  and  to 
«•  .v  amine  proposed  gunnery  training.  a  contract  vat  awarded  by  the 
Army  il«"a',ir,'h  Institute  •  or  tiio/liohiiv  i  ora  1  ana  ,’oefal  Science* 

'AST)  to  !  ill-  Human  Resource*.  (research  Org'inls-ot  Ion  <  HumRRO)  for 

O  project  !o; 

,  ■'  i  )  Or  v* c lop  a  per  forannre-r  rtjuiretsentB  data  base,  or 
pw!  ft!  Jon  object  i ven  for  MfcOA  1A0S  tank  gunnery . 

-\>  hpc.  itv  the  tank  gunnerv  training  objective!*  that 
are  Implied  in  TC  1  7-12-5  (Tank  Ciic.rn  ry  Training; 

(Vtcbct  19/i)  . 

f  ,)y  Coaparc  the  gunnery  training  object  Ives  anTi- the  gunnery 

jut,  objectives. _ 

fner*e  three  object  ivos  were  acconpl  lshcd,  and  the  folIowiTT^  conclusions 


rear  iter!  ■ 


t  U  The  gunnery  ju1-  objectives  developed  during  this  ^ 
project  seera  eweaprehonsive^  ~l.he.if  A,  sTi  It.,  i.  i  ^  ^ 

full  range  of  ways  that  target*:  can  he  neutral-  ~~~i* 
iced  using  MbOVlAOS  gun*.  If  the  lob  objectives 
are  co.tpi  uhens Ivr .  then  a__hasis  ha ;t  iuu-n  provided 


Cooparlng  the  content _ of  proposed  gunnery 

training  rn_  gunnery  Job  eon»  e,  :  . 

p e vejU' p_l_n £  training  for  crows  of  tanks  other 
t  ban  the  MuOAlAOS . 

Increasing  tin.  At  f 1c 1 one  v  of  gunnery  tra ining. 

F.v  » i  ua it  i  the  of  feet  lv«  nc<».-*  of  gunn -ry  training. 
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mnet y.  performance  standards  proponed  In  TC  4 
•*>  fiv  trber  1974)  should  be  revised  for  ln-4 
•‘riMfM'tl  apec  i  flrjdty and  decreased  r f  1 1  anc v o7i  ~_ 


1  /-I 


expert  op  i  n  ion i.  N  Some  flexibility  in  wotting  gun¬ 
nery  performance  ^standards  nay  be  desirable,  but 
the  nett!  for  flexibility  must  he  weighed  against 
t ho  nerd  for  knyOlng  "where  we  are"  with  respect 
to  gunnery  readiness.  The  basis  for  establishing 
gunnerv  Standards  also  needo  to  be  examined. 
Standards  should  not  be  set  on  the  basis  oi  the 
normative  performance  of  our  own  gunners,  or  on 
the  basis  of  expert  opinion.  They  should  be  set 
un  the  basis  of  the  bent  available  information  on 
enemy  capability. 


The  re  1  ••vnoee_o f  the  gunnery  exorcises  proposed  ln^ 

TC  17-12-5  < October  1974)  to  the  gunnery  job  seems  ^ 
unquest  1 unable.  ^Ncar  1  y  all  of  the  exercises  wer-e 
related  to  at  ltsast  one  job  objective. 

Connery  training,  as  proposed  in  TC  17-12-5  (October^, 
197.l  t  ts  not  comprehensive.  v  Some  parts  of  the 
gunnery  fob  receive  extensive  coverage  in  the  new 
tables.  Other  parts  are  not  treated  at  all.  I’ollcy 
makers  who  are  responsible  for  decisions  about 
gunnery  training  content  should  carefully  review 
what  being  left  out  of  proposed  training  as  com¬ 
pared  to  what  Is  belnR  included.  The  results  in 
this  report  make  such  a  review  possible. 

Th c  of  f  ic  lency  of  the  gunnery  training  proposed  in  ^ 

TC  1 7-i 2-5 _ (October  1974)  can  be  Increased  by  f- 

teachlng  more  within  existing  resource  constraints, _ ^ 

or  by  maintaining  present  proficiency  levels  at  less  ^ 
cost  . s  Ident  ifying  gunnery  skills  that  cut  across 
job  objectives,  and  including  those  component  skills 
in  training  should  promote  learning  of  the  maximum 
mc,M’r  of  job  objectives  with  no  increase  in  training 
cf>r;i  .  Ongoing  research  to  determine  the  least  ex¬ 
pensive  mix  of  live  fire  and  simulation  that  will 
produce  desired  or  present  proficiency  lcve.ls  should 
be  com  limed  . 
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Conditions  and  levels  within  conditions  for  use  in 
the  job  objectives 


JOB  OBJECTIVES  FOR  H60A1AOS  TANK  GUNNERY 


Developing  and  laplaentlng  effect iva  training  would  ba  easy  if 
time  and  funds  were  unlimited.  But  training  resources  always  are 
Halted.  And  because  resources  are  Halted,  the  effectiveness  of  a 
training  prograa  is  no  longer  a  sufficient  aeasure  of  its  adequacy. 
Increasingly  the  raqulreaent  is  for  programs  that  are  efficient  — 
programs  that  get  the  job  done  at  least  cost . 

Inefficiency  in  training  usually  cones  in  two  varieties.  The 
first  la  overtraining:  teaching  trainees  no re  than  they  need  to  know 
and  do  in  order  to  perform  their  jobs  effectively.  The  second  variety 
is  undert raining.  Related  to  both  of  these  sources  of  inefficiency  is 
a  third  (and  eoet  egregious)  characteristic  of  training:  "teaching 

the  wrong  thing";  that  is,  teaching  skills  and  knowledge  that  are 
either  Irrelevant  or  detrimental  to  effective  job  performance. 

The  way  to  lncrcaae  training  efficiency  le  to  teach  only  those 
skills  and  knowledge  that  arc  necessary  for  trainees  to  perform  their 
Jobs  effectively.  A  very  important  consideration  is  implied  here; 
namely,  that  prior  to  developing  and  implementing  a  training  program, 
training  developers  must  know,  and  be  able  to  specify  exactly,  the 
behavior  involved  in  effective  Job  performance.  Thia  observation  cer¬ 
tainly  is  not  startling.  Neither  is  it  trivial.  Training  developers 
who  do  not  know  and  cannot  specify  exactly  the  behavior  required  for 
effective  job  performance  are  forced  to  guess.  And  if  their  guesses 
are  wrong,  nothing  about  their  training  programs  can  be  right. 
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Specifying  Job-«f f active  behavior  ia  difficult,  time-consuming, 
and  expensive.  On*  ia  not  surprised,  therefore,  to  find  that  inade¬ 
quate  programs  are  tolerated  on  the  grounda  that  effective  onea  would 
coat  too  auch.  This  line  of  reaeonlng  la  deceptively  attractive 
becauee  of  difficulties  involved  In  coaparlng  training  prograaa.  The 
coats  of  daveloping  and  implementing  a  new  prograa  can  be  neasured 
easily,  but  difficulties  always  are  encounter -xi  in  aeasurlng  the  costs 
of  an  existing,  perhaps  ineffective  prograa  —  hidden  costs,  such  as 
equipment  daaoge  attributable  to  alsuaa,  personal  Injury,  or  for  that 
natter,  death  in  coabat.  Occasiona  do  arlae,  however,  in  which  the 
costs  of  inadequate  training  becaae  so  apparent  as  to  obviate  the  nesd 
for  precise  aeaeursaent.  Such  situations  Involve: 

1.  Training  large  nuabers  of  personnel  to  perform 
as  parts  oi  a  larger  working  unit  with  a  coamon 
aisslon  or  goal. 

2.  Dramatic,  publicly  observable  evidence  of  failure 
to  accomplish  the  aisslon  or  achieve  the  goal. 

One  exaaple  of  a  situation  that  fits  this  description  is  the  training 
of  military  personnel  In  tlaes  of  national  aaergency.  Because  of  the 
necessity  for  training  large  nuabers  of  personnel  under  severe  time  con¬ 
straints  during  World  War  11,  and  because  the  effects  of  inadequate 
training  were  draastlc  and  easily  observed,  the  need  for  Increased  train 
lng  efficiency  was  recognltsd.  The  training  development  methods  used 
than,  sad  modified  during  the  past  30  years,  have  found  Increasing 
accept sacs  in  military  and  industrial  settings.  Fundamental  to  all  auch 


ithods  is  the  concept  of  task  saalysls,  a  procedure  which  yields 


description*  of  behavior  at  successively  greater  levels  of  detail, 
beginning  with  a  simple  causer  at  ion  of  task  "areas"  and  ending  with 
exhaustive  deecripticns  of  behavior  in  terns  of  "task  elenents." 

Another  net hod  for  generating  descriptions  of  job-relevant 
behavior  is  the  Critical  Incident  Technique  (Flanagan,  1954),  in  which 
records  of  extreaely  effective  and  ext r Mel y  ineffective  job-related 
behavior  are  generated  on  the  basis  of  interviews  with  incumbents, 
supervisors,  peers  of  incumbents,  or  any  other  group  whose  judgments 
of  "effective"  and  "ineff ectlvs"  are  credible. 

Finally,  there  is  the  method  (not  yet  named,  to  the  best  of  our 
knowledge)  that  wss  used  in  this  project.  After  deciding  on  an  over¬ 
all  statement  of  the  job  "task"  or  objective  ("neutralise  targets"), 
all  conditions  that  are  likely  to  affect  task  performance  are  Identified. 
(Target  characteristics,  weapons,  and  fire  delivery  methods  are  ex¬ 
amples  of  conditions  that  affect  gunnery  performance.)  All  possible 
combinations  of  the  conditions  are  then  examined,  in  order  to  identify 
all  possible  ways  that  the  job  "task"  can  be  performed. 

The  goal  of  all  of  the  methods  cited  above  la  to  form  a  compre¬ 
hensive  data  base  of  job-relevant  behavior.  The  behavior  comprising 
the  data  base  can  be  thought  of  as  a  pool  of  all  possible  job  objec¬ 
tives,  from  which  objectives  for  training  or  items  for  testing  can  be 
derived.  Without  a  pool  against  which  to  compare  training  or  test 
content,  it  is  impossible  to  determine  what  has  been  left  out  of  train- 
ing  or  testing.  Another  way  of  viewing  the  concept  is  that  selecting 
the  content  of  training  programe  and  testing  programs  requires  sampling 
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,h*  b*ta,,0t*  »»  '»•  job-  Th.  pc»l  o,  d.t.  h...  |TOr.t- 

«.k  aMlyala.  critical  Incldan,..  ot  th.  .at hod  u«d  tM.  pro. 
J«t  d.(i„,  aagati.,  „  j^i,  Job  ^ 

••■pica  ot  behavior  ar.  taka,  ,or  Inclu.lon  1.  tralolo,.  TOlo.tl0„.  ot 
bo«b.  Without  th.  pool  or  data  haw.  wo  have  ao  way  ot  knowl,,  which 
"thuok."  ot  tho  Job  or.  no,  baio,  addraaaad  lo  tr.i.io,  or  toatlo,. 

*od  without  k~«n,  what  ha.  baao  lot,  Out.  h...  o.  ba.i.  (otho, 
than  opinion)  for  Jud.u,  ,h.  ada,uac,  of  train In,  .t 

Rational* 

kacololain,  a  poaalbl.  naod  tor  lncr«.«t  afflclanc,  lo  ,.„k  juo- 
».rr  tralolo,.  and  th.  d.pand.nc.  ot  loc,aa..d  .Clielncy  „„ 

ha  availability  ot  a  pool  or  data  haaa  ot  (ternary  Job  ohjactlvaa.  tho 

"  *™T  'O'  «h.  Bahavloral  aod  Social  Sclro.a  <„„ 

inltiatad  r..«.«h  to  da.., op  ,h.  da,,  h...  aod  frcpom^ 

«•»"«,  train loa.  A  contract  tor  aaal.tanc.  1,  achlavin,  th...  0b,ac- 
tlva.  waa  awardad  by  MI  to  tha  Htaaan  kaaourcaa  kaaaarch  Orgaolfatlon 
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JOB  OBJECUVEK  ftiffi  i&AlXiSS  OBJECTIVES: 

GWMAL  COOPERATIONS 

Sine*  there  »rt  no  universally  accepted  definition*  of  "job  ob¬ 
jective”  and  "training  objactlva,"  we  will  daflna  tha  terma  aa  used  In 
thla  report.  Both  tanu  era  subsumed  under  the  rubric,  "hu*an  par for - 
nance  object ivaa,"  which  are  characterised  by  three  parts: 

1.  Activity  or  task  statement . 

2.  Conditions  statement. 

3.  Standards  statement. 

Activities  or  Tasks 

Activities  or  tasks  are  brief  statements,  usually  consisting  of 
an  active  verb  and  a  direct  object,  of  the  behavior  addressed  by  the 
objective.  "Neutralise  targets"  is  a  task  or  activity  statement  for 
tank  gunnery. 

Conditions 

Conditions  refer  to  any  clrcuautancea  that  might  be  expected  to 
alter  the  quality  or  the  productivity  of  the  task  or  activity  that  is 
to  be  performed .  Day  and  night,  stationary  and  moving  firing  vehicles 

and  targets,  and  weapons  used,  all  are  "conditions"  for  the  tank  gunnery 
activity,  "neutralise  targets." 

Standards 

Standards,  as  used  In  human  performance  objectives,  describe  the 
quality  or  the  emount  (quantity,  production)  of  the  performance  of 
Interest,  or  both.  Performance  quality  in  gunnery  is  expressed  as 
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accuracy,  and  production  m  numb«r  of  hit*.  As  In  *11  *t*nd*rd*. 
quantity  and  quality  measures  of  huaan  performance  hav*  llttla  utility 
alona.  To  b*  useful,  tha  quantity  and  quality  aaaauraa  must  ba  ax- 
praaaad  relative  to  coat:  how  much  ara  w*  willing  to  pay  to  obtain 
tha  desired  quality  or  quantity  of  performance?  In  human  performance 
objective*  Indirect  massi'tse  of  cost  uaually  are  uaad.  Time  and 
amount  of  material  expanded  era  example*  of  human  performance  "costa." 

A  standard  for  tank  gunnery  might  ba,  "score  a  second-round  hit 
within  seven  seconds."  In  this  standard  ths  measure  of: 


1  Quality  Is  "hit"  (as  opposed  to  "miss"). 


2.  Quantity  is  on*  hit  —  tha  sm  art  of  production 
implied  in  the  standard. 

3.  ~ost  is  seven  seconds  and  two  ri'unde. 


Htman  performance  standards  frequently  ara  stated  imprecisely.  One 
often  flnde,  for  example,  standards  stated  ee,  "90  percent  hit  rata," 
or  "five  rounds  per  minute."  Standarde  ehould  Include  separate  measures 
of  quality,  quantity  and  cost,  for  several  reeeone: 

1.  Clarity  of  coasiunlcetton  to  teat  designers,  teat 
adminletrator a,  and  others.  "Ninety  percent  hit 
rate,"  end  "five  rounds  per  minute"  are  incomplete 
standards,  in  that  they  have  no  coat  measures  as¬ 
soc  La  tad  with  them.  ''Ninety  percent  hit  rate"  does 
not  coasiunlcete  tha  number  of  rounde  to  ba  expended. 

And  "five  rounde  per  minute"  dose  not  comsunlcata 
the  total  amount  of  time  that  will  be  allowed  for 
achieving  the  f lve-per -minute  criterion. 

2.  The  possibilities  for  statistical  inference  with 
respect  ?o  performance  ral lability  end  confidence 
levels  era  quite  different  for,  eey,  9  out  of  10 
hits  ee  opposed  to  90  out  of  100  hits. 

3.  To  permit  vmrloue  combi net  Iona  of  basic  data  for 
analysts  of  standards  by  lnterastsd  investigators. 
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Jobi  as  Opposed  to  Training  Objectives 

The  foregoing  discussion  pertain*  to  human  performance  objectives, 
the  term  thet  subsume*  both  Job  objectives  end  training  objectives. 

The  distinction  between  Job  objectives  and  training  objectives  remains 
to  be  made. 

Job  objectives  describe  performance,  in  terse  of  activities,  con¬ 
ditions,  and  standards,  that  will  be  demonstrated  as  part  of  effective 
performance  on  the  job.  Thus,  for  the  tank  gunner  "job,"  a  job  ob¬ 
jective  might  be; 

"Civen  (a)  a  stationary  H6QA1A0S  tank  with  the  main 
gun  battleslghted  with  SABOT,  (b)  an  operational 
gunnar’s  lay  periscope,  and  (c)  a  moving  tank  tar¬ 
get  that  is  visible  at  leas  than  3200  meters  without 
artificial  light  during  the  day;  the  gunner  will 
open  fire  within  16  seconds,  and  neutralise  the  tar¬ 
get  within  24  seconds  of  the  alert  element  of  the 
tank  commander's  command,  using  no  more  than  two 
rounds . " 

Training  object  Use  describe  performance,  in  terms  of  sctivlties, 

conditions,  and  standards,  that  le  to  be  demonstrated  In  training. 

A  training  objective  for  tank  gunnery  might  hr: 

"Given  (a)  a  stationary  firing  vehicle  that  is  equip¬ 
ped  with  a  main  gun  simulation  device,  (h)  an 
operational  gunner's  telescope,  and  (c)  a  moving 
silhouette  target  (flank  view  of  Soviet  tank)  that  is 
visible  at  1600  meters  with  whitr  light;  the  gunner 
will  open  fire  within  10  seconds,  and  neutralise  the 
target  within  IS  seconds  of  the  alert  element  of  the 
tank  commander's  command,  using  no  more  than  two 
(simulated)  rounds." 

Job  objectives  and  training  objectives  sometimes  are  identical. 

The  gunnery  Job  objective  cited  above  could  also  be  a  training  objec¬ 
tive.  But  not  all  job  objectives  are  training  objectives.  This  is 
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ao  because  there  usually  ara  some  skills  and  knowledge  that  aia  re¬ 
quired  for  affective  job  performance,  but  ara  not  included  in  training 
for  the  job.  Certain  skills  and  knowledge  nay  be  excluded  fron  train¬ 
ing  for  any  of  several  reasons: 

1.  Ease  of  learning  on  the  job. 

2.  Infrequency  of  occurrence  on  the  job. 

3.  "Won-criticality”  to  effective  job  performance. 

4.  High  cost. 

Job  objectives  pertaining  to  neutralizing  aircraft  targets  with  the 
caliber  .50  nachinegun  are  examples  of  Job  objectives  that  are  not 
training  objectives. 

Finally,  not  all  training  objectives  are  job  objectives.  Some 
training  objectives,  for  exaaple,  are  enabling  objectives.  Their 
mastery  is  required  for  mastery  of  other  training  objectives,  but  they 
never  ere  practiced  on  the  job.  Objectives  that  require  using  a 
burst-on-targer  simulator  are  examples  of  training  objectives  that  are 


not  Job  objectives. 


JOB  OBJECTIVES 


,  Job  objectives  for  tenk  gunnery  were  specified  for  use  in  subse¬ 

quent  comparisons  with  the  training  objectives  implied  in  the  new 
gunnery  tables  (TC  17-12-5),  *04  for  potential  use  as  a  file  or  data 
base  for  deriving  training  objectives  and  evaluating  training  effec¬ 
tiveness. 


The  method  for  developing  Job  objectives  began  by  specifying  the 
overall  task  or  activity  involved  in  tank  gunnery;  namely,  neutralising 
targets,  using  available  weaponry.  Attention  van  then  directed  to: 


1.  Selecting  conditions  for  use  in  the  objectives. 
Vhat  conditions  could  affect,  for  better  or 
vwrse,  a  tank  crew’s  ability  to  neutralltc 
targets? 

2.  Selecting  levela  within  conditions  for  use  in  the 
objectives,  (liven  that  a  condition  such  as  tar¬ 
get  range  is  likely  to  affect  a  crew’s  ability  to 
neutral  tie  targets,  what  orders  of  magnitude  or 
"levela"  of  target  range  should  be  included  in 
the  ob  \  ec  t  1  ves  1 

1.  Combining  levels  across  cond  it  ions  to  tom  *  com¬ 
prehensive  aet  of  objectives.  The  number  of 
possible  Job  objectives  for  anv  one  task  or 
activity  is  a  function  of  the  number  of  condi- 
t lone  and  levela  within  conditions  associated 
with  the  objective.  If  one  task  has  two  condi¬ 
tions  (target  range  and  visibility,  for  example) 
sod  two  levela  within  each  condition  (>1100 
meters  and  *1100  meters;  visible  and  not  v^-'ble) 
thee  the  number  of  poeelble  combinations  of  levels 
acroas  conditions,  and  the  number  of  possible 
objectives,  la  2x2-4: 
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A.  Visible  st  <1100  meters. 

B.  Visible  st  >1100  aeters. 

C.  Not  visible  st  <1100  aeters. 

D.  Not  visible  st  >1100  aeters. 

A.  Specifying  performance  standards  for  each  com¬ 
bination  of  levels  across  conditions.  Gunnery 
performance  standards  might  be  expected  to  dif¬ 
fer  depending  on,  for  example,  whether  the 
target  was  visible  at  <1100  meters,  or  not  vis¬ 
ible  at  >1100  meters. 

Selecting  Conditions 

Having  agreed  that  the  overall  task  or  activity  for  tank  gunnery 
was  to  neutralise  targets,  we  then  asked  what  combinations  of  weapons, 
fire-delivery  methods,  crew  members,  and  fire  control  Instruments 
could  be  used  by  crews  to  neutralise  targets.  The  results  of  this 
inquiry  are  susasarlzed  in  Figure  i. 

The  lines  connecting  the  rectangles  In  Figure  1  indicate  "allow¬ 
able"  relationships  among  levels  of  the  conditions.  Using  either  the 
battleslght  (B5)  or  precision  (PRE)  method  of  fire  delivery  with  the 
main  gun,  for  example,  the  tank  commander  can  neutralise  targets 
using  the  rangefinder  (RKDR)  with  either  IR  or  daylight  (D)  acces¬ 
sories.  The  tank  commander  cannot,  according  to  Figure  1,  use  the 
gunner's  periscope  (PER)  or  telescope  (TEL). 

As  can  be  Inferred  from  Figure  1,  we  had  at  this  point  in  the 
project  Identified  four  conditions  that  could  affect  gunnery  perfor¬ 
mance,  and  a  total  of  18  levels  within  the  four  conditions.  The 


conditions  snd  levels  were: 


1 .  Weapon : 

Main  Cun. 

Coaxial  Hachinegun. 

Caliber  .50  Hachinegun. 

2.  Fire-Del lvery  Method: 

Battleelght  (for  main  gun;  "non-precision"  or 
NP  for  the  machineguns) . 

Precision  (PRE). 

Range  Card  (RC). 

Range  Card  Lay  to  Direct  Fire  (RCDF) . 

5.  Crew  Member : 

Tank  Commander  (TC). 

Tank  Gunner  (CNR). 

A.  Fire  Control  Instrument: 

RFDR,  Day:  Rangefinder. 

RFDR,  IR:  Rangefinder  with  metaacope. 

TC/PER,  Day:  Tank  comaunder 's  cupola  periscope. 

TC/PER,  IR:  Tank  commander's  Infrared  periscope. 

GNR/PER,  Day:  Cunner'a  perlacope. 

CNR/PER.  1R:  Cunner'a  Infrared  periscope. 

TEL:  Cunner'a  telescope. 

INF:  Cunner'a  Infinity  sight 

AUX:  Auxiliary  fire  controls  (atlauth  Indi¬ 

cator  and  elevation  quadrant). 

The  next  step  In  selecting  conditions  for  use  In  the  job  objec¬ 
tives  was  to  ask,  “What  conditions  other  than  those  shown  In  Figure  1, 
eight  be  expected  to  affect  —  for  better  or  worse  —  a  qualified  crew's 
ability  to  neutralize  targets?"  This  question  was  answered  hy  three 
■embers  of  the  project  staff  who  formerly  were  tank  commanders,  on  the 
basis  of  their  own  combat  experience,  and  a  review  of  technical  docu¬ 
mentation.  Their  answers  were  presented  In  the  form  of  lists  of 
conditions,  which  In  their  view,  sight  affect  a  tank  crew's  effective¬ 
ness  In  neutralizing  targets.  Sample  entries  on  the  lists  were  flat 
as  opposed  to  rough  terrain,  clear  as  opposed  to  cloudy  skies,  and 
vehicle  as  opposed  to  troop  targets.  The  project  director  sorted  the 


entries  In  the  lists  In  an  effort  to  discover  auperordlnate  classes 
of  conditions  under  which  each  of  the  Individual  entries  could  be 
classlf led . 

An  initial  result  of  this  exercise  was  the  reallta’<on  that  tar¬ 
gets,  like  all  visual  stimuli,  could  be  classified  in  terms  of: 

1.  Contrast,  as  measured  in  foot -lambent  a  of  target 
brightness  over  foot-candles  of  background 
lllualnat ion. 

2.  Apparent  size,  which  is  measured  in  degrees  of 
visual  angle  subtended  by  the  target;  and  is  a 
function  of  range  and  actua  size  of  the  target. 

3.  Apparent  speed,  which  ic.  measured  in  degrees  of 
visual  angle  subtense  per  second;  and  is  a  func¬ 
tion  of  range,  speed,  and  direction  of  motion. 

The  use  of  contrast,  apparent  size,  and  apparent  speed  to  describe  tar¬ 
gets  wss  bmsed lately  abandoned  i or  several  reasons.  The  main  reason 
was  that  none  of  the  three  aeaaurea  provides  basic  data  on  target  Type 
(troops,  tanka,  for  example)  or  target  range  --  data  that  are  essen¬ 
tial  for  bringing  effective  fire  to  bear  on  targets. 

The  major  classes  of  conditions  that  emerged  as  the  result  of  the 
exercise  described  above  were: 

1.  Firing  Vehicle  Motion. 

2.  Targe  t  Motion. 

3.  Target  Type  (e.g.,  tank  as  opposed  to  troop). 

A.  Target  Visibility. 

3.  Target  Range. 

6.  Ammunition. 

7.  Day,  as  opposed  to  Might  firing. 
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Select ing  Levels  Within  Condlt lon« 


Applying  the  aethods  described  above  yielded  a  aet  of  11  claaaea 
of  conditions  or  variables  that  could  affect  a  crew's  capability  to 
neutralise  targets. 

1 .  Weapon . 

2.  Fire-Delivery  Method. 

3.  Crew  Heaber . 

4.  Fire  Control  Inatruaent. 

5.  Firing  Vehicle  Motion. 

6.  Target  Motion. 

7.  Target  type. 

8.  Target  Visibility. 

9.  Target  Range. 

10.  Aaaunltlon. 

11 .  Day/Night . 

To  appreciate  how  levels  were  selected  for  each  of  theae  conditions, 
it  helps  to  understand  the  difference  between  continuous  and  discrete 
variables. 

Continuous  variables  are  characterised  by  Interval  scales,  and  by 
being  infinitely  subdivisible.  An  Interval  scale  is  one  in  which  2  is 
twice  as  auch  as  1,  4  is  twice  as  auch  as  2,  and  so  forth.  Scales 
used  to  aeasure  the  range  variable  (or  condition)  are  Interval  scales, 
since  50  asters  are  twice  25  asters,  100  is  twice  50,  etc.  The  range 
variable  also  is  infinitely  subdivisible:  10  asters  is  halfway 
between  0  and  20  aet era,  5  is  halfway  between  0  and  10,  sd  inf lnltua. 
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Because  rant*  la  an  Interval  scale,  and  bacauaa  tha  acala  la  in* 
finitely  subdivisible,  range  la  a  contlnuoua  variable  (or  condition). 

In  contraat  with  contlnuoua  varlablea  are  dlacrata  varlablaa  — 
variable*  auch  aa  type  of  aanunltion  and  type  of  target.  Thera  are 
only  eo  nany  aanbera  In  the  amnunition  "clean, “  and  there  are  no  valuee 
of  the  variable  between  aanbera  of  the  class:  there  la  no  'Value"  of 
aanunltion  between  SABOT  end  HEAT,  or  between  HEAT  end  Caliber  .50. 
Slallarly,  there  ere  no  'Valuee"  of  tank  targeta  between  tank  end 
troops,  or  between  troops  and  bunkers.  Hsabers  of  classes  of  variables 
such  es  saaunltlon  and  target  type  are,  therefore,  discrete.  Kinds  or 
types  of  anything  are  discrete.  Inches,  pounds,  and  cubic  cantlaeters 
era  continuous. 

Specifying  levels  for  the  discrete  conditions  selected  for  Inclu¬ 
sion  In  the  Job  objectives  ms  no  problea.  For  conditions  such  as 
target  type,  fire-delivery  set hod ,  and  aaaunltlon,  we  slaply  had  to 
describe  what  existed  In  the  real  world:  the  nuabers  of  target  types, 
flre-dellvery  methods,  and  kinds  of  aaiunltlon  are  finite,  sasll,  end 
easily  Identifiable. 

Selecting  levels  for  the  continuous  conditions  wss  a  different 
natter .  At  one  extras*,  one  could  say  that  tank  crews  will  be  able  to 
neutralise  targets  at  any  range,  traveling  at  any  speed,  under  any  con¬ 
ditions  of  visibility.  And,  in  fact,  this  is  what  the  gunnery  "job" 
really  la  about.  But  we  wanted  to  relate  conditions  such  as  target 
range,  apeed,  and  visibility  to  performance  standards.  Job  objectives 
that  required  neutralising  any  target  at  any  speed  under  any  conditions 
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of  visibility  vert,  therefor*,  judged  unset lefectory  (though  perfect¬ 
ly  realistic):  small  targets  moving  quickly  as  night  are  more 
difficult  to  neutralise  than  are  large  stationary  targets  in  broad 
daylight.  And  such  differences  should  be  reflected  In  performance 
standards  if  the  standards  are  to  be  useful. 

At  the  other  extreme,  one  might  writ*  separate  gunnery  job  oblec- 
tlves  for  targets  moving  at  6  MPH,  8.1  MPH,  8.2  KPH;  or  for  targets 
at  1000  aetera,  1001  meters,  1002  meters,  etc.  Such  a  procedure  would 
have  yielded  considerably  more  than  the  number  of  gunnery  objectives 
necessary  to  describe  how  targets  could  be  neutralised.  Compromises 
were  necessary,  therefore.  In  selecting  levels  of  the  continuous  con¬ 
ditions  —  compromises  that  would  avoid  proliferation  of  objectives  on 
the  one  hand,  and  inability  to  relate  performance  standards  to  con¬ 
ditions  on  the  other.  The  kinds  of  compromises  made,  and  the  bases 
for  making  them  are  noted  In  the  following  sections,  which  describe 
how  levels  were  selected  within  each  of  the  11  conditions. 

Weapon ■  The  weapon  condition  is  a  discrete  variable.  As  noted 
earlier,  there  are  no  "values  of  weapon"  between  the  main  gun  and 
coaxial  machlnegun,  or  between  main  gun  and  caliber  .50  machlnegun, 
or  between  the  coax  and  caliber  .50.  Selection  of  levels  of  weapons 
was  dictated  by  what  exists  (as  was  selection  of  levels  for  all  other 
discrete  variables).  The  levels  of  the  weapon  condition  are:  main 
gun,  coaxial  machlnegun,  and  caliber  .50  machlnegun. 

Flre-Dellvery  Method.  Flre-dellvery  method  is  another  discrete 
condition,  with  1 evr  s  defln^J  by  what  exists  in  the  real  world.  Four 
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l«v«l«  of  fire-del ivory  net hod  were  Identified:  precis loo,  root* 
card,  range  card  lay  to  dlract  flra,  and  battlealght  (or  "non -precision 
for  tba  aechlnaguna) . 

Crow  Maabar.  Thle  la  anothar  dlocrata  variable  In  that  H60A1AOS 
tank  erawa  conaiat  of  only  four  poaltlona:  tank  co— andei .  gunnar, 
loader,  and  driver.  Two  lavala  of  tba  crow  washer  variable  warn  Iden¬ 
tified,  corraaponding  to  tha  two  nan bar a  of  tha  crow  who  normally  fire 
the  waaponat  tank  coaaander  and  gunnar. 

flra  Control  Inatruaant.  Nina  lavala  of  thla  d iterate  condition 
ware  Identified  (aae  Figure  1):  TC'a  rangefinder,  TC'e  rangefinder 
with  ewtaecope,  TC'e  cupola  per lac ope.  TC'a  DL  parlacope,  CNI'a  pari- 
•cope,  CNI'a  IK  parlacope,  CNK'e  telescope,  CNI'a  Infinity  eight,  and 
auxiliary  fire  controlo. 

Firing  Vehicle  Notion.  Vehicle  notion  la  a  contlnuoue  variable. 

In  that  the  N60A1AOS  can  travel  at  any  speed  f ran  allghtly  nor e  than 
0  KFH  to  about  30  HFH.  The  problsa  of  aelactli^  lavala  of  vahlcla 
notion  dlaappaarad  In  light  of  two  practical  conaldaretlona: 

1.  (hir  dealre  to  kaap  tha  ouaber  of  job  objactlvaa 
n in Inal  (recall  that  tha  maabar  of  objactlvaa 
lncraaaaa  In  dlract  proportion  to  tha  maebar  of 
conditlona  In  tha  objactlvaa,  and  tha  maabar  of 
lavala  within  conditlona). 

2.  Tba  traditional  net bod  of  etatlng  tank  notion  In 
gunnery  training. 

la end  on  theee  practical  conaldaretlona,  two  lavala  of  firing  vahlcla 
notion  ware  aelectad :  at at ionary  and  aovlng. 


For  par  poena  of  thla  project  all  aovlng  firing  vehlclee  vara  aw 
I  ta  be  traveling  at  retaa  of  10  to  13  KP1. 


Target  Morton.  The  levels  of  target  sot  Ion  selected  for  use  in 
the  Job  objectives  were  identical  to  those  selected  for  firing  vehicle 
notion:  stationary  and  moving.  The  reasons  underlying  the  selection 
of  levels  also  were  identical  to  the  reasons  for  selecting  the  levels 
of  firing  vehicle  notion:  desire  to  minimize  the  nvnber  of  objectives, 
and  conformance  to  existing  practice. 

For  purposes  of  this  project  all  noving  targets  were  asstssed  to 
be  traveling  at  rates  of  8  to  15  M?H. 

Target  Type.  Our  initial  list  of  levels  for  the  target  type 
variable  consisted  of  six  entries: 

1.  Tank  or  tank-like. 

2.  Bunker  or  pillbox. 

3.  Light -armored  or  unareored  vehicle. 

4.  Crew-aerved  veapc". 

5.  Troops. 

6.  Aircraft. 

As  will  be  seen  later,  it  proved  possible  to  combine  two  levels  of  tar¬ 
get  type  in  sense  of  the  objectives:  tank  and  light -amor ed  vehicle, 
for  example,  for  some  main  gun  battlesight  engagements;  and  bunkers 
and  crew-served  weapons  vehicles  for  others. 

Target  Visibility.  Target  visibility  can  vary  infinitely  and  is 
therefore  a  continuous  variable.  After  considerable  deliberation  about 
selecting  levels  of  visibility  and  about  the  Interaction  between  visi¬ 
bility  and  the  day/night  variable,  we  asked  the  question,  "What  aspects 

0 

of  target  visibility  are  most  likely  to  affect  a  crew's  effect iveneas 
(likelihood  of  a  hit,  performance  l Lee ,  or  both)  in  neutralising  tar¬ 
gets?"  The  answer  to  this  quest  t  ,««  lay,  not  in  whether  a  day  or  night 
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ts|i|MMt  wee  involved,  but  in  tw  other  consideration*:  whether  or 
not  srtiflciel  light  mss  required  to  aeke  the  tertet  visible,  end 
whether  or  not  the  target  wss  visible  under  any  circumstances  at  ell. 
Thus,  the  levels  of  the  visibility  variable  selected  for  inclusion  in 
the  study  were: 

1.  Visible  without  artificial  light. 

2.  Viaibla  with  artificial  light. 

3.  Not  visible  under  any  circumstances. 

Tertet  heme.  The  pervasive  consideration  in  selecting  levels  of 
the  targat  range  variable  was  to  minimise  the  number  of  levels  (and 
therefor*  the  number  of  objective*)  while  still  reflecting  the  maximum 
effective  ranges  of  the  weapons,  fir*  control  instruments,  and  ammuni¬ 
tion  that  w>uld  be  included  in  the  objectives.  The  level*  of  target 
range*  selected,  and  rationales  for  their  selection  were: 

1.  <300  meter a:  the  ranges  within  which  the  range¬ 
finder  should  not  be  used. 

2.  500-900  meters:  the  ranges  within  which  the  TC 

nuet  range. 

3.  <900  meters:  the  ranges  within  which  the  coax  la 
effective. 

4.  <1100  meters:  the  ranges  within  which  III  is  effec¬ 
tive;  also,  1100  meters  la  the  battlealght  range 
indexed  for  MAT. 

3.  1100-1600  meters:  1600  meters  la  the  battleelght 

range  indexed  for  iABOT.  1100  meters  was  es¬ 
tablished  ee  a  lower  range  parameter  for  conven¬ 
ience  in  combining  Job  objectives  for  SABOT  end 
HAT  at  <1100  meters  (see  Table*  1  through  7). 

6.  300-3200  meters:  The  rangefinder  is  affective  at 

300  through  4400  maters.  Vet  because  some  of  our 
objectives  are  to  be  performed  both  by  the  TC  using 
the  rangefinder,  and  the  CM  using  the  telescope,  an 
upper  rang*  of  3200  mss  established  to  reflect  the 
maximum  effective  rang*  of  the  telescope. 


It 


7.  1100-2300  act era:  the  ranges  within  which  the 
caliber  .50  aachinegun  aay  be  used  with  white 
light  or  illuainating  shells. 

8.  1100-3200  acters:  the  rsnges  within  which  the 
aain  gun  aay  be  used  with  white  light  or  Illumi¬ 
nating  shells. 

9.  ALL:  the  ranges  within  which  the  aain  gun  aay  be 
used  with  range  card  data. 

A»unlt  Ion.  Ammunition  is  another  discrete  variable,  (or  which 
levels  were  selected  by  identifying  the  hinds  of  aaainition  customarily 
available  for  use  with  the  aain  gun,  coax,  and  caliber  .30  aachinegun: 
SABOT  (APDS) ,  HEAT,  HEP,  BEEHIVE  (APERS),  COAX  (7.62m)  and  CALIBER 
.50. 

Day /Wight.  Two  levels  of  this  condition  were  selected  —  day  and 
night  —  after  considerable  debate  about  its  utility.  The  day/night 
variable  le  both  redundant  to,  and  less  descriptive  than,  the  levels 
of  the  visibility  condition.  It  is  redundant  in  that  gunnery  opera¬ 
tions  will  be  the  ease  whether  the  target  Is  visible  without  artificial 
light  at  night  or  visible  without  artificial  light  In  the  daytlae; 
and  operations  will  be  the  sane  whether  the  target  Is  not  visible  under 
any  c lrcuastances  at  night  or  not  visible  under  any  circumstances  in 
the  daytlae.  The  day/night  variable  is  less  descriptive  than  the 
visibility  variable  in  that  it  does  not  distinguish  between  targets 
that  are  or  are  not  visible  in  the  daylight,  or  between  targets  that 
are  or  are  not  visible  without  artificial  Illumination  at  night  . 

Despite  the  reservations  noted  above,  we  decided  to  retalp  the 
day/nlght  condition  for  use  in  our  job  objectives,  mainly  to  take 
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coaper iso 04  possible  between  ths  Job  objectives  end  the  day/night 
t reining  exercises  proposed  In  TC  17-12-5. 

Figure  2  sumer  ires  the  conditions  end  level  -  within  conditions 
thet  resulted  fro*  the  exercise  deecrlbed  ebove. 

Coabininx  Levels  Across  Conditions 

Using  the  conditions  end  the  levels  within  condition  =->  «ue- 
aer lied  in  Figure  2,  it  is  possible  to  fora  e  very  lerge  nuaber  of 
teak  gunnery  objectives  by  selecting  one  level  froa  eech  condition, 
end  coablnlng  it  with  one  level  froa  every  other  condition.  The 
nvisber  of  possible  caablnetlons  equals  the  nuaber  of  levels  within 
seen  condition  aultlpliad  together,  or  3  (weapons)  x  4  (fire-delivery 
net hods)  x  2  (crew  aeabers)  x  9  (fire  control  lnstruaents)  x  2 
(firing  vehicle  notions)  x  2  (terget  notions)  x  5  (terget  types)  x  3 
(target  visibility  conditions)  x  9  (terget  ranges)  x  6  (kinds  of 
aanualtion)  x  2  (day/nlght  conditions)  -  1,679,616.  While  the  nueber 
of  possible  coablnetlons  of  levels  within  conditions  is  lerge,  the 
greet  aajorlty  of  coablnetlons  do  not  In  fact  "aake  sense"  —  coablne- 
tione,  for  exanple,  thet  have  the  gunner  firing  the  caliber  .50 
aechluegun,  or  where  the  target  la  a  aovlng  bunker,  or  where  the  tank 
coaaander  is  using  the  gunner's  periscope.  Notice  thet  It  is  not  neces¬ 
sary  to  write  end  sxaalne  eech  possible  coablnatlon  of  levels  of  con¬ 
ditions  before  discarding  the  nonsensical  coablnetlons.  Objectives 
slaply  ere  not  written  for  enysubsetsof  coablnetlons  that  have  two 
levels  thet  do  not  "go  together." 
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By  Ignoring  the  combinations  of  conditions  levels  that  did  not 
■ska  sense,  and  by  combining  soae  levels  within  conditions  (tank  and 
light -armored  vehicle  targets  for  soae  aain  gun  engagements,  for  ex¬ 
ample)  ,  ve  identified  223  coablnatlons  of  levels  across  conditions, 
under  which  M60A1AOS  tank  crews  Bight  be  expected  to  neutralize  tar¬ 
gets  in  the  "real  wsrld."  By  pairing  each  of  the  223  coablnatlons 
with  the  general  atatoaent  of  the  gunnery  task  (neutralize  targets), 
we  had  the  basis  for  writing  225  different  Job  objectives  for  tank 
gunnery. 

The  criterion  for  calling  an  objective  unique  or  different,  and 
including  it  in  the  list  of  225,  was  that  the  manipulations  required 
on  the  part  of  the  crew  aaaber  who  wee  doing  the  firing  had  to  be 
different  In  soae  respect  froa  the  manipulations  required  in  all  other 
objectives.  Thus,  firing  at  stationary  and  wing  targets  with  the 
main  gun  were  considered  different  or  unique  objectives  (because  dif¬ 
ferent  aanlpulet ions  ere  Involved).  But  firing  battleslghted  SABOT 
or  HEAT  st  s  tank  at  less  than  1100  asters  was  treated  as  a  single 
objective  (no  difference  In  the  gunner's  manipulations,  even  though 
two  different  klnda  of  ammunition  are  used). 

Specifying  Standards 

The  goal  for  this  part  at  the  project  was  to  establish  perfor¬ 
mance  standards  for  each  of  the  225  job  objectives.  The  standards  were 
to  be  more  complete  end  explicit  than  those  customarily  set  forth  by 
training  developers.  In  that  they  would  be  characterized  by  separate 
measures  of: 
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1.  Performance  quality. 

2.  Production. 

3 •  Coat « 

Performance  Quality.  The  meaaure  of  performance  quality  In  gun¬ 
nery  la  accuracy:  hitting  target  centera  constitute*  higher  quality 
gunnery  performance  than  mlaalng  targeta.  For  purpoaea  of  thla  pro¬ 
ject,  "target  hit"  mi  the  quality  meaaure  aaaoclated  with  each 
objective.  No  dlatlnctlona  were  made  with  reapect  to  "goodneaa  of 
hit,"  and  all  hlta  were  aaeumed  to  reault  In  neurrallxed  targeta. 

We  realise  that  theae  aaauaptlona  are  lndefenelble,  but  choae  to  ac¬ 
cept  them  aa  the  only  alternative  to  the  t lae-coneumlng  halr-apllttlng 
that  would  be  Involved  In  apeclfylng  different  time  itandarda  for  hlta 
which  did,  aa  oppoaed  to  hlta  which  did  not,  neutralise  targeta. 

Production.  The  meaaure  of  production  for  each  Job  objective  la 
one  hit,  regardleaa  of  target  character latlca  or  of  woapona  used; 
that  la,  one  le  the  minimally  acceptable  number  of  hlta  to  be  gotten 
within  the  time  and  ammunition-expenditure  conatralnta  for  each  ob¬ 
jective.  In  machlnegun  engagement*,  a  minimum  of  one  tracer  mu at  hit 
the  target.  (One  In  five  round*  la  a  tracer.) 

Coat .  Aa  noted  earlier,  the  "coat"  allowable  for  achieving  the 
performance  quality  and  production  criteria  wa*  to  be  apeclfled  In 
term*  of  performance  time,  and  number  of  rounda  expended. 

The  method  for  aatabllahlng  the  maximum  maaber  of  rounda  to  be 
expended  In  the  engagement  a  described  by  our  job  objective*  wma  aub- 
Jectlve.  The  result*  represent  a  compromise  among  existing  practice 
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in  training,  recent  actuarial  date  on  simulated  tank  cexabat,  and  what 
our  aubj act -matter  expert*  thought  wa*  reasonable.  The  maxima  num¬ 
ber*  of  rounds  to  be  expended  In  the  engagements  described  by  our  job 
objectives  are: 

1.  Two  rounds  for  all  aaln  gun  engagements,  except  for 
range  card  firing  In  which  five  rounds  are  allowed. 

2.  One-hundred  fifty  rounds  for  coaxial  and  caliber 
.50  machlnegun  engagaicnts  against  area  targets. 

3.  Sixty  roundo  for  coax  engagements  against  point 

targets. 

4.  Fifty  rounds  for  caliber  .50  machlnegun  engagements 
against  point  targets. 

Tentative  performance  time  standards  were  established  by  the 
three  subject -met ter  experts  on  the  project  staff,  who  reviewed  the 
225  objectives  and  specified  opening  and  total  times  for  each.  A 
Tank  Gunnery  Panel  ns  then  convened,  which  consisted  of  two  gunnery 
instruct,  rs  froa  the  US  Army  Armor  School,  Weapons  Department;  and 
one  tank  commander  from  the  US  Army  Research  Institute  detachment  at 
Fort  Knox.  The  three  members  of  the  panel  vere  former  tank  rnmnsmlrrn . 
with  18  months,  6  years,  and  9  years  experience. 

The  panel  mmibers  were  given  a  briefing  on  the  objectives  of  the 
project  and  their  role  in  It;  and  were  asked  to  specify  opening  and 
closing  times  for  an  "average"  tank  crew,  for  each  engagement  described 
by  the  job  objectives.  As  a  means  of  structuring  their  assignment 
further,  we  also  gave  the  panel  members  a  list  of  assumptions  that  had 
been  prepared  by  the  project's  subject-matter  experts  while  developing 
their  preliminary  time  eatlmates.  The  list  of  assumptions  Is  attached 
as  Appendix  A  to  this  report. 
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The  panel  .pent  three  day.  specifying  opening  end  closing  tine, 
for  the  job  objective..  A  project  et.ff  member  we.  pr.e.nt  throughout 
the  sect  Inga  to  an.wer  questions,  and  to  ...i.t  by  providing  copi..  Df 
pertinent  gunnery  publication..  He  made  „o  .ffort  to  influence  the 
panel  decision.,  which  were  made  on  the  ba.l.  of  the  panel  .a. bars' 
ovn  experience  and  the  content,  of  the  literature  at  their  di.po.al. 
Where  difference,  of  opinion  aro.e  in  .pacifying  the  tin.  .t.ndard., 
they  were  debated  by  the  panel  ...b.r.  and  resolved.  The  final  U.t 
of  tine  standarda  had  the  unanimous  approval  of  the  panel. 

After  doing  their  time  estimates.  the  panel  ..her.  met  with  the 
HumRRO  subject-matter  expert,  to  re.olve  difference,  between  the  two 
Independently  generated  .et.  of  e.timat...  For  objective,  where  the 
difference  between  the  two  group.'  opening  or  clo.ing  time  estimate, 
wa.  four  second,  or  less,  «  compromise  standard  wa.  .et  by  .plitting 
the  difference.  In  case,  where  the  time  difference  was  greater  than 
four  seconds,  «  time-line  analysis  was  done,  ...ig„i„g  a  time  to  each 
component  "step"  in  the  engagement.  Consensu,  on  opening  and  total 
time.  we.  reached  after  discussions  about  the  time  required  for  each 
component  step.  An  ancillary  benefit  of  the  time-line  analysis  was  a 
table  of  "Constant,  used  in  Estimating  Performance  Times."  which 
evolved  a.  a  result  of  the  group.'  discussions.  The  table  is  present- 
*•  Appendix  B  of  this  report. 

Besults 

The  job  objectives  resulting  from  applying  the  methods  just 
described  are  pr.eeoted  in  Table.  1  through  7.  Thu  objective,  are 
presented  in  tabular,  as  opposed  to  narrative  form,  to  facilitate 
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comparisons  wont  condition*  and  wong  standard* .  The  objactiva*  arc 
aval lab la  In  narrativt  fora  tram  All  (Eraemr,  at  gl.,  1975), 

Organisation  of  tha  Job  Oblactlvaa 

Tha  win  organiser  for  tha  job  objactlvaa  In  Tables  1  through  7 
la  tha  weapon:  Min  gun,  coaxial  Mchlnegun,  and  caliber  .50  Mchlne- 
gun.  Ulthln  each  of  tha  three  weapon  systaas,  tha  objectives  are 
further  organised  by  Method  of  fire  delivery.  The  overall  organisation 


of  the  tables  li 

1  a* 

1  follows: 

Table 

1: 

Main  Cun,  Battleslght. 

Tabic 

2  ; 

Main  Cun,  Precision. 

Table 

3: 

Main  Cun,  Range  Card,  and  Range  Card 
Lay  to  Direct  Fire. 

Table 

4 : 

Coax,  Son-prec lslon . 

Table 

3: 

Coax.  Precision. 

Tabla 

6: 

Coax,  Range  Card,  and  Range  Card 

Lay  to  Direct  Fire. 

Table 

7: 

Caliber  .50,  Non-pr ec lslon . 

Reading  the  Objective* 

Consider  the  first  entry  in  Table  1  (Kaln  Cun,  Battleslght) :  The 
entrlaa  under  JOB  OBJECTIVE  HUMBER  Indicate  that  the  first  row  In  the 
table  euwarlsee  Job  Objective  #1  for  the  tank  cowand *r  (TC )  and  two 
Job  objectives  -  <  -2  —  for  the  gunner  (CNR).  Underscored 

maberi  In  tha  ..  M  *T?r  E  NUMBER  colrnna  Indicate  job  objectlvee  that 


are  addressed  by  the  gunnery  tables  proposed  In  TC  17-12-5  (October 
1974).  The  underscoring  can  be  Ignored  for  now,  but  will  be  referred 


(o  later  In  compar Isons  between  the  Job  objectives  and  the  gunnery 
c^v*'  cieee. 

To  understand  the  Job-objective  numbering  system  In  Tables  1 
through  7,  it  is  necessary  to  consider  the  entries  under  the  heading 
flU  CONTROL  INSTRUMENTS: 

1.  RFDR  (rangefinder),  D  (day),  and  IR  (Infrared). 

2.  TC/PER  (tank  commander's  periscope).  Day  and  IR. 

3.  GNR/PER  (gunner's  periscope).  Day  and  IR. 

4.  TEL  (telescope). 

5.  INF  (infinity  sight). 

6.  AUX  (auxiliary  fire  control  instruments) . 

The  numbers  under  these  headings  indicate  the  order  of  preference  for 
use  of  the  fire  control  instrument  in  engaging  targets  described  in 
the  row.  The  1  under  GNR/FER,  D,  Indicates  that  the  gunner's  day 
periscope  is  the  pr  laury  fire  control  instrument  to  be  used  for  engaging 
targeta  described  in  the  first  row.  The  number  2  under  TEL  indicates 
that  the  telescope  is  a  secondary  fire  control  instrument  that  the  gun¬ 
ner  auy  uae  in  engaging  such  targets.  And  the  entry,  3,  under  RFDR, 

D,  indicates  that  the  rangefinder  (day)  msv  be  used  bv  the  TC  as  a 
third  alternate  system.  The  firet  row  in  the  table,  then,  summarizes 
three  Job  objectives: 

1.  CNR' a  Job  Objective  #1:  Engaging  targets  described 
In  the  row,  using  the  gunner's  day  periscope. 

2.  Clot's  Job  Objectlvs  #2:  Engaging  targets  dsacribod 
in  the  row,  using  the  gunner's  telescope. 

3.  TC' s  Job  Objective  #1:  Engaging  targets  described 
in  the  row,  using  the  rangef inder . 
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Node*  chat  mm  job  objectives  art  repeated  in  Tablas  1  through  7. 
TC'a  Job  Objective  #1  appears  twice  lu  Table  1,  for  example.  The 
reaeon  for  repeating  eoee  objectives  la  that  at  least  one  condition  In 
the  objective  changes,  and  this  change  haa  an  effect  on  performance 
tine:  TC'a  Job  Objective  #1  is  repeated  In  Table  1  because  the  range 
le  different  for  the  two  entries,  and  the  range  change  makes  the  total 
performance  time  different.  The  change  in  total  performance  time, 
though,  la  due  only  to  the  different  distances  that  the  rounds  must 
travel,  and  has  nothing  to  do  with  the  performance  of  the  TC.  Recall 
that  to  qualify  as  unique,  an  objective  had  to  require  manipulations 
that  were  different  from  the  manipulations  In  all  other  objectives. 

Since  the  same  manipulations  are  Involved  In  firing  TC'a  Job  Objective 
#1  at  ranges  of  less  than  1100  meters  and  at  ranges  between  1100  and 
1600  meters,  the  two  entries  are  treated  as  the  same  objective. 

The  entry,  STA,  In  the  flrat  row  under  the  FIRE  VEH  NOTION  column 
In  Table  1  Indicates  that  the  firing  vehicle  Is  stationary. 

Target  character lat lea  for  the  flrat  entry  of  Table  1  are: 


1. 

STA: 

atat ionary . 

T/L: 

tank  or  light-armored  vehicle. 

3. 

VIS: 

visible  without  artificial  light 

4. 

<1100: 

leaa  than  1100  met  era. 

D/N  Indicates  that  the  objective  la  to  be  performed  either  during 
the  day  or  at  night. 

Sl/VT  Indicates  that  SABOT  or  MAT  Is  to  be  used. 
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Th«  PERFORMANCE  TIME  entries  in  Tables  1  through  7  give  opening 
and  total  times  for  the  TC  and  CNR.  In  cases  where  the  row  contains 
only  one  objective  for  either  the  TC  or  CNR.  the  opening  and  total 
times  for  that  objective  are  given.  The  first  entry  in  Table  1,  for 
example,  contains  only  one  objective  for  the  TC  (using  the  range¬ 
finder).  The  performance  time  for  this  objective  la  given  under  TC, 
OPEN,  TOTAL:  10  seconds  to  open,  and  IS  seconds  total. 

In  cases  where  the  row  contains  more  than  one  objective  for  either 
the  TC  or  CNR,  the  opening  and  total  times  sre  given  only  for  the  en¬ 
gagement  using  the  primary  fire  control  instruments.  The  first  entry 
in  Table  1  contains  two  objectives  for  the  CNR:  the  primary  objec¬ 
tive,  using  the  day  periscope;  and  the  secondary  objective,  using  the 
telescope.  The  7-second  opening,  and  12-second  total  times  in  the 
first  row  under  CNR,  OPEN,  TOTAL  are  for  the  primary  (gunner's  peri¬ 
scope)  objective.  No  performance  times  are  given  In  the  table  for  the 
gunner's  Job  Objective  #2  (using  the  telescope).  Performance  times  for 
the  secondary  or  alternate  fire-control  instruments  were  computed 
using  ths  constants  in  Appendix  B.  They  are  presented  under  separate 
cover  In  the  narrative  forms  of  the  objectives  (see  Itraemer,  al  . , 
1975). 

The  performance  times  given  In  the  job  objective  tables  are  for 
the  maximum  range  specified  In  the  objective.  If,  for  example,  the 
range  specified  in  the  objective  Is  11-1600  (1100  to  1600  meters), 
ths  performance  times  shown  in  the  objective  apply  to  the  1600-meter 
upper  limit.  Performance  times  for  ranges  less  than  the  upper  limit 
can  be  computed  using  data  presented  in  Firing  Tables,  FT  105-A-2. 


Th«  quality,  production,  and  number  of  rounds  vers  left  out  of 
Tables  1  through  7  to  avoid  redundancy.  Recall  that  the  production 
and  quality  measure  is  "one  hit”  for  each  objective,  and  that  the 
maximum  number  of  rounds  to  be  expanded  is: 

1.  Two  for  all  main  gun  engageaients,  except  for 
range  car-i  objectives. 

2.  Five  for  main  gun,  range  card  objectives. 

3.  Sixty  for  coax,  and  fifty  for  caliber  .50 
point  targets. 

4.  One-hundred-fifty  for  coax  and  caliber  .50 
area  targets. 

Using  the  information  given  above,  the  three  objectives  in  the 
first  row  of  Table  1  can  be  written  as: 

.  TC  Objective  #1:  Given  (a)  a  stationary  M60A1AOS 
tank  with  the  main  gun  battlesighted  with  SABOT  or 
HEAT,  (b)  an  operational  rangsflnder,  and  (c)  a 
stationary  tank  or  1 ight -armored  vehicle  target 
that  is  visible  at  less  than  1100  metera  without 
artificial  light  at  day  or  night;  TC  will  open 
fire  within  10  seconds  of  the  alsrt  element  of 
his  command,  and  neutral lsa  the  target  within  15 
seconds,  using  no  more  than  two  rounds. 

.  CNR  Objective  #1 :  Clven  (a)  a  stationary  M60A1A0S 
tank  with  the  main  gun  battlesighted  with  SABOT  or 
HEAT,  (b)  an  operllcnsl  gunner's  day  periscope,  and 
(c)  a  stationary  tank  or  light-armored  vehicle 
target  that  is  visible  at  less  than  1100  maters  with¬ 
out  artificial  light  at  day  or  night;  CNR  will  open 
firs  within  7  seconds  of  the  slert  elmsent  of  the 
TC's  command,  and  neutralise  the  target  within  12 
seconds,  using  no  more  than  two  rounds. 

.  CNR  Objective  92:  Clven  (a)  a  stationary  M60A1AOS 
tank  with  the  main  gun  bsttlesightad  with  SABOT  or 
HEAT,  (b)  an  operational  telescope  (day),  and  (c)  a 
stationary  tank  or  light-armored  vehicle  target  that 
is  visible  at  lass  than  1100  meters  without  artificial 
light  at  day  or  night;  CNR  will  open  fire  within  9 
seconds  of  ths  alert  element  of  the  TC’s  command,  and 
.neutral lta  the  targat  within  14  seconds,  using  no  more 
than  two  rounds. 


2B 


A  numerical  lumary  of  225  job  objectives,  by  weapon,  fire 
delivery  aethod,  and  crcv  amber  is  presented  In  Table  8. 

Discussion 

The  parts  of  the  Job  objectives  pertaining  to  activities  or  tasks, 
conditions,  and  standards  raise  separate  Issues  for  discussion. 

Activities  or  Tasks 

Traditionalists,  schooled  in  the  Beans  and  ends  of  task  analysis, 
undoubtedly  will  take  issue  with  our  definition  of  the  gunnery  job  in 
terms  of  one  "task"  —  neutralizing  targets.  Certainly  the  Job  is 
more  coaplex  than  that.  We  agree  that  it  is,  and  suggest  that  this 
complexity  has  been  reflected,  not  in  the  usual  detailed  list  of  task 
statements,  but  in  the  myriad  combinations  of  conditions  presented  in 
the  Job  objectives.  We  suggest  also  that  the  test  of  the  adequacy  of 
any  set  of  Job  objectives  is  neither  the  number  of  different  tasks  in¬ 
cluded  in  the  set,  nor  the  level  of  detail  at  which  the  tasks  are 
written.  Rather,  the  test  of  adequacy  is  comprehensiveness. 

The  question  of  comprehensiveness,  as  applied  to  the  Job  objec¬ 
tives  presented  in  this  report,  reduces  to  the  question,  "Are  there 
ways,  other  than  those  described  by  the  objectives,  that  targets  can 
be  neutralized  with  M60A1A0S  guns?"  We  think  not.  And  if  not,  then 
the  Job  objectives  provide  a  data  base  from  which  developing  training 
and  evaluation  programa  can  procead. 

Further  on  the  topic  of  comprehenaiveness :  Our  Job  objectives  are 
intended  to  describe  gunnery  comprehensively.  In  the  term,  "gunnery 
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TABLE  8 


NUMBERS  OF  JOB  OBJECTIVES.  BY  WEAPON. 
FIRE  DELIVERY  METHOO,  AND  CREW  MEMBER 


WEAPON 

FIRE  DELIVERY''''''-^ 
METHOD  - ^ 

MAIN  GUN 

COAX 

-J 

CAL  .50 

TOTALS 

TC 

GNR 

TC 

GNR 

TC 

Jattlesight  (noo- pre¬ 
cision  for  machlneguns) 

12 

20 

18 

42 

20 

112 

precision 

4 

24 

4 

36 

68 

(Range  Card 

SI 

n 

1 

2 

Range  Card  Lay  to 

Direct  Fire 

5 

8 

9 

21 

>< 

43 

TOTALS 

21 

53 

31 

100 

20 

225 
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Job  objective*,"  the  important  qualifier  is  "gunnery."  It  la  used 
synonymously  with  "marksmanship"  or  "shooting."  The  Job  objectives 
do  not  describe  comprehensively  the  gunner *s  job,  which  consists  of 
tasks  other  than  those  encompassed  by  gunnery  —  maintenance  tasks, 
for  example,  and  computer  checks. 

Conditions 

A  possible  criticism  of  the  conditions  partB  of  the  job  objectives 
Is  that  soae  conditions  that  will  affect  crews'  ability  to  neutralize 
targets  have  not  been  Included  in  the  objectives.  Conditions  such  as 
enemy  firepower  and  tactics,  and  presence  or  absence  of  air  and  artil¬ 
lery  support  are  examples.  This  line  of  criticism  loses  sight  of  the 
goals  of  gunnery  training  and  of  the  purposes  of  this  project.  The 
purpose  of  this  project  was  to  compare  gunnery  job  objectives  and  train¬ 
ing  content.  And  the  goal  of  gunnery  training  (through  Tables  VII  and 
VIII)  is  to  teach  crews  to  neutralize  targets  with  minimal  expenditures 
of  time  and  ammunition.  Current  and  proposed  gunnery  training  do  not 
Include  firing  in  the  presence  of  air  and  artillery  support,  or  against 
multiple,  tactically  deployed  targeta.  Engagements  under  theae  kinds 
of  conditions  are  seen  as  a  body  of  akill  and  knowledge  outside  the 
realm  of  "gunnery"  or  "marksstanship,"  and  within  the  realm  of  fire 
control  and  command  —  topics  that  are  addreased  in  Gunnery  Tables 
IX  and  X. 

Standards 

Whether  or  not  two  rounds  are  the  "right"  allocations  for  main  gun 
engagements,  or  whether  a  TC  needs  to  hit  a  target  crdy  once  while 
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firing  ISO  caliber  .50  rounds,  or  whether  or  not  our  opening  and  total 
tinea  are  "correct”  are  open  questions.  Cunnery  standards,  and  stan- 
darda  for  all  combat  performance,  should  not  be  set  on  the  basis  of 
expert  judgment,  for  if  the  experts  are  wrong,  our  gunners  will  be  in 
trouble  "when  the  flag  drops."  Nor  should  standards  be  set  on  the 
basis  of  the  normative  performance  of  our  own  trainees  or  qualified 
gunners.  Normative  data  can  tell  us  how  good  we  are,  but  not  how  good 
we  need  to  be.  Standards  for  combat  performance  should  be  set  on  the 
basis  of  the  beat  available  information  about  the  enemy's  capability. 
Knowing  that  our  gunners  can  meet  arbitrarily  established  opening  and 
closing  time  standards  of  5  and  7  seconds  provides  little  comfort  if 
the  enemy  can  open  in  4  seconds  and  close  in  6.  Information  about  enemy 
gunnery  capabilities  must  be  made  available  to  guide  development  of 
training  and  job  parformance  standards. 

Cone lus lor 

Tha  gunnery  job  objectives  developed  during  this  project  seem  com¬ 
prehensive.  It  la  difficult  to  think  of  ways,  othar  than  thosa  described 
in  the  objectives,  that  crews  could  neutralise  targets  with  M60A1A0S 
guns.  One  may  argua  that  the  task  or  activity  statements  used  in  tha 
objectivaa  arc  "too  general, "  or  that  certain  conditlona  that  affect 
gunnery  performance  have  been  omitted,  or  that  performance  standards 
baaed  on  expert  judgment  are  (or  are  not)  totally  satisfactory.  Tha 
counter-argtaente  have  been  praaanted,  and  the  lsauaa  defy  rapid  reso¬ 
lution.  But  if  the  Job  objectives  are  comprehensive,  then  a  basis  has 
been  provided  for: 
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A.  Comparing  the  content  of  proposed  gunnery  training 
to  gunnery  lob  content.  This  in  turn  permits  con- 
paring  what  will  be  included  in  gunnery  training 
and  what  will  be  excluded. 

B.  Developing  efficient  gunnery  training.  By  speci¬ 
fying  the  component  skills  in  the  gunnery  job 
objectives,  and  then  identifying  component  skills 
that  cut  across  objectives,  a  basis  will  be  pro¬ 
vided  for  specifying  enabling  training  objectives. 
Mastery  of  the  enabling  objectives  should  promote 
learning  of  the  maximum  number  of  job  objectives. 

C.  Developing  training  for  crews  of  tanks  other  than 
the  H60a1AQS.  The  job  objectives  for  the  M60A1AOS 
can  be  rewritten  to  fora  a  comprehensive  set  of  job 
objectives  for  any  new  tank,  by  replacing  any  con¬ 
ditions  and  levels  within  conditions  that  are  unique 
to  the  M60A1A0S  with  conditions  and  levels  that  apply 
to  the  new  tank. 

D.  Evaluating  the  effectiveness  of  gunnery  training.  The 
job  objectives  generated  during  this  project  can  be 
used  to  develop  gunnery  evaluation  programs  that  will 
permit  a  high  degree  of  confidence  in  results.  As¬ 
suming  that  the  purpose  of  gunnery  training  is  to 
permit  crews  to  neutralize  targets  in  all  the  ways 
described  by  the  objectives,  random  selection  of  Job 
objectives  for  use  as  "test  Items"  would  be  one  way 

to  design  valid  measures  of  training  effectiveness. 

The  pool  of  objectives  could  be  reduced  before  item 
selection  took  place  by  deleting  objectives  that  are 
too  costly  to  test  (aircraft  targets,  for  example), 
or  Job  objectives  could  be  selected  for  use  in  evalu¬ 
ation,  on  the  basis  of  criticality,  difficulty,  or 
frequency  of  performance.  The  Item  pool  is  now  avail¬ 
able.  How  it  Is  used  is  a  policy  matter. 

Notice  also  that  by  accumulating  data  on  performance  of  the  objec¬ 
tives  over  time,  a  basis  will  he  provided  for  applying  all  of  the 
traditional  methods  of  Item  analysis.  Answers  to  questions  such  as 
"Does  a  'CO*  on  Item  X  guarantee  •  ’C V  on  item  Y,M 
subject  to  the  vagaries  of  expert  opinion. 
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need  no  longer  be 


GUNNERY  EXERCISES  AND  TRAINING  OBJECTIVES 


This  part  of  the  project  dealt  with  translating  the  tank  gun¬ 
nery  exercises  presented  In  Firing  Tables  I  through  VIII  of  TC  17- 
12-5  (October  1974)  Into  the  format  of  hrnan  performance  objectives. 
This  was  done  In  order  to  make  comparisons  possible  between  training 
content  and  the  Job  objectives  developed  earlier  In  the  project. 

Orientation:  Firing  Tables  and  Exercises 

Training  Circular  (TC)  17-12-5  Is  a  document  that  reflects  emerg¬ 
ing  doctrine  snd  thinking  with  respect  to  tank  gunnery  training. 
Training  content  Is  organised  within  eight  firing  tables,  each  of  which 
contains  several  training  exercises.  Tank  crews  progress  through  the 
exercises  In  Tables  I  through  VII  on  their  way  to  qualifying  by  firing 
the  exercises  In  Table  VIII. 

TC  17-12-5  Is  being  revised,  and  eventually  may  become  s  field 
manual  (FN)  to  replace  FM  17-12.  A  major  difference  between  training 
as  prescribed  In  FM  17-12  and  TC  17-12-5  la  in  method  of  fire 
delivery.  The  field  manual  emphasises  the  precision  method,  in  which 
crews  range  on  the  target  and  obtain  a  highly  accurate  gun  lay  In 
order  to  maximise  the  probability  of  a  first -round  hit.  The  new  train¬ 
ing  circular  retains  some  emphasis  on  the  precision  method  of  fire 
delivery,  and  adds  battleslght,  target-form,  and  burst -on-target  -- 
"quick-draw"  techniques  that  are  designed  to  capitalise  on  the  poten¬ 
tial  of  tank  weaponry  for  combining  shock  effect,  accuracy,  and  speed. 

The  purpoeec  of  the  eight  gunnery  firing  tables  In  TC  17-12-5 


Include: 


1.  "...  the  development  of  individual  skills  by  dif¬ 
ferent  crew  ■etabers." 

2.  "...  to  develop  solid  Individual  expertise  combined 
with  teamwork  within  a  crew." 

3.  "...  to  train  individual  members  of  a  tank  crew  in 
a  logical  sequence  culminating  in  crew  qualifi¬ 
cations  and  crew  battle-runs." 

The  gunerel  goals  of  each  of  the  eight  tables  are: 

.  Table  1:  Zero  and  manipulation  techniques. 

.  Table  11:  Fundamentals  of  fire  adjustment  techniques. 

.  Table  111:  Tracking  and  applying  proper  adjustment 
techniques. 

.  Table  IV.  Zeroing  the  main  gun.  firing  at  stationary 
targets  with  the  main  gun  with  and  without  arti¬ 
ficial  illumination,  and  basic  techniques  of  tank 
fire  adjustment. 

.  Table  V:  Leading,  tracking,  engaging  and  adjusting 
fire  on  moving  targets  with  the  main  gun  with  and 
without  artificial  llluninat ion. 

.  Table  VI:  Develop  crew  coordination  and  ability  *< 
engage  both  moving  and  stationary  targets  with 
tank  machlneguna  from  a  moving  and  stationary  tank 
with  and  without  artificial  illumination. 

.  Table  Vll:  Develop  crew's  ability  to  engage  moving 
and  stationary  targets  with  all  tank-mounted 
weapons  with  and  without  artificial  Illumination 
and  to  prepare  the  crew  for  testing  on  Table  VIII. 

.  Table  VIII:  Qualification:  Final  evaluation  of 
crew  abilities  developed  during  Table  VII. 

Tables  VII  and  VIII  are  essentially  Identical,  with  practice  on  Table 

VII  used  to  prepare  crews  for  qualification  on  Table  VIII. 

The  overall  goals  noted  above  are  addressed  by  providing  crews 
with  practice  in  the  following  areas: 
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1.  Pay  Firing.  Referred  to  as  "A"  tablaa,  these  axer- 
ciaaa  are  Intended  to  train  end  evaluate  tha  tank 
craw  In  the  rapid  daatruction  of  targets  during  the 
day. 

2.  Might  Firing,  taf erred  to  aa  "B"  tablea,  thaaa  sxer- 
claaa  era  for  training  and  evaluating  the  tank  crew 
in  tha  rapid  engagcaent  and  daatruction  of  tergata  at 
night  under  varioua  eat hod §  of  illualnatlon,  while 
inat tiling  crew  confidence  in  tank  weapon  effectlve- 
naaa  under  conditiona  of  darkneaa. 

3.  Subcelibar  Firing.  Referred  to  ea  "C"  teblea  (Teblaa 
1,  11  end  III),  these  exerciaaa  ere  deaigned  to  per- 
•it  training  end  eveluetlng  each  crewaan  ea  e  gunner 
without  the  dlatractlon  ceuaed  by  the  bleat  and  recoil 
of  the  taain  gun.  By  aiaulating  the  firing  of  the  aaln 
gun,  gunnery  procedurea  ere  practiced  without  expendi¬ 
ture  of  aaaunltlon. 

4.  Dry  Firing.  Referred  to  ea  “D"  tablea,  these  exer¬ 
cises  are  designed  to  Insure  crewaan  understand  the 
fundaaentals  of  gunnery,  and  to  develop  taaawork. 

3.  Service  Tiring  (Tables  IV  end  V).  Theae  exerciaaa 
are  for  developing  the  skills,  speed,  end  accuracy 
required  by  the  tank  cowunder,  gunner,  loader 
in  employing  gunnery  techniques  against  stationary 
end  aovlng  targets,  atvt  lor  conditioning  the  crew  to 
the  blest  and  recoil  ot  the  ns In  gun. 

6.  Crew  Field  Firing  and  Crew  Proficiency  (Tables  VI, 

VII  and  VIII).  The  purpose  of  these  exercises  is  to 
train  and  test  the  speed  end  teanwork  of  the  tank 
crew  In  engaging  different  targets  at  various  ranges 
with  the  proper  weapon  and  aaaunltlon. 

For  purposes  of  orientation,  a  staaaary  of  the  contents  of  Gunnery 
Tables  I  through  Vlll,  by  exercise  nvabtr ,  net  hod  of  fire  delivery, 
and  crew  position  (TC  or  CHR)  fro*  which  each  exercise  is  fired  la 
presented  in  Table  9.  The  Arabic  nuabers  after  eech  cell  entry  corre¬ 
spond  to  the  job  objectives  to  tdtlch  each  training  exercise  is  related. 
Thess  nuabers  can  be  ignored  now,  but  will  be  referred  to  later 
in  coapar ing  job  end  training  objectives. 
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TABLE  9 


'n  on  next  p«ge 


Footnotes  to  Table  9 


(1)  This  fir  in*  exercise  requires  the  gunner  to  siaulate  zeroing 
the  sain  gun.  Zeroing  was  excluded  froa  our  analysis  of 
gunnery  objectives. 

(2)  This  firing  exercise  requires  the  use  of  white  light  beyond 
1600  aeters.  The  aaxlmtai  effective  range  of  white  light  is 
approximately  1600  aeters. 

(3)  This  exercise  requires  the  TC  to  range  on  a  target  using  the 
rangefinder  with  aetaecope.  The  rangefinder  with  aetascope 
can  only  be  used  effectively  against  targets  emitting  an  IK 
light  source. 

(4)  This  firing  exercise  requires  the  GNR  to  fire  HEP  aamunltlon 
against  s  tank  or  tank-like  targst.  HEP  aamunltlon  is  not 
recoaaended  for  use  against  tank  or  tank-like  targets. 

(5)  This  firing  exercise  requires  the  TC  to  range  on  a  moving 
target  and  simultaneously  to  track  it.  This  task  seems 
impossible,  as  tracking  and  ranging  both  are  right-hand 
operations. 

(6)  This  firing  exercise  requires  the  use  of  infrared  light  (II) 
beyond  1100  aeters.  The  maxiatmi  effective  range  capability 
of  IR  is  approximately  1100  aeiera. 
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The  parenthetical  entries  arc  explained  in  the  footnotee  to  Table 
9.  Footnotee  2  through  6  refer  to  apparent  errors  In  the  exercises. 
Footnote  3,  for  example,  refers  to  exercises  that  have  the  TC  uelng 
the  metescope  age  Inst  targeta  that  do  not  salt  1R  light.  And  Footnote 
5  refers  to  exercises  In  which  the  TC  aust  range  on  a  aovlng  target 
and  simultaneously  track  It  —  a  seealngly  lapoeslble  task,  elnce 
tracking  and  ranging  ere  both  right-hand  operations.  Of  the  137 
gunnery  exercises,  19  were  found  to  contain  errors  of  the  kind  noted 
above.  We  understand  that  these  are  being  corrected  In  forthcoalng 
revisions  of  TC  17-12-5. 


Training  Objectives 

Each  of  the  gunnery  exerclaea  in  TC  17-12-5  that  pertained  to  the 
M6QA1A0S  tank  waa  reviewed,  and  was  written  in  two  forma: 

1.  A  narrative  form  that  included  task,  conditions, 
and  standards  statements. 

2.  An  abbreviated  form  similar  to  the  one  used  for 
presenting  the  job  objectives  In  Tables  1  through  7. 
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E1ERC1SE 

REOUIREHCNT  POSSIBLE  1  PRACTICE 

SCORE  |  SCORE 

_ i _ 

RECORD 

SCORE 

3 

HRNIPUIATIO* 
(Secondary  Sight) 

.  _ _ — _ _ 

Each  hit . 10 

t 

No  point!  awarded  for 
httt  after  1  atnut* 
tlae  Halt 

Total  Potstble . 90 

1 _ 

This  exerclae  waa  translated  into  tha  following  narrativa  fora: 

"Clvan  (a)  a  atattonary  H60A1AOS  tank  with  a 
■uln  gun  alatulation  davlca,  (b)  an  oparatlonal 
gunnar'a  talaacope,  and  (c)  a  atatlonary 
ailhouatta  target  (flank  view  of  Soviet  tank#) 
that  la  vlalbla  at  60  aotara  during  tha  day; 

tha  gunner  will  hit  _  out  of  9  targeta  within 

60  aaconda,  ualng  no  aot a  than  9  round a . 


In  caaaa  whara  tha  axerclaea  did  not  Include  a  atandard  or  part 
of  a  atandard,  blank  apacea  were  left  In  tha  correapondlng  narrativa 
and  tabular  preaentat ion. 


SO 


In  the  ibertvittid  fora,  Exercise  3A,  Table  I  was  recorded  aa 


follows: 


STWSMH 

anco  v 
nat 

• 

IS 

Transformations  fro*  training  exercise  to  narrative  to  tabular  fora 
ware  dons  for  each  training  exercise,  as  described  and  Illustrated  above. 

Results 

The  training  object lvea  resulting  fr am  the  translation  of  the 
gunnery  exercises  ars  presented  In  abbreviated  fora  lo  Tables  10  through 
17.  Narratives  of  ths  objectives  ars  aval  labia  froa  All  . Kracaar, 

•ill*.  1975). 

The  training  objectless  presented  in  Tables  10  through  17  parallel 
the  organisation  of  ths  eight  gunnery  firing  tables:  our  Tabls  10  aua- 
•arises  Gunnery  Table  1,  our  Table  11  suaaarises  Gunnery  Table  II, 
and  so  forth  through  our  Table  17,  which  suaaarises  Gunnery  Tabls  VIII. 
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TABLE  15 


TRAINING  OfcJtCTIVtS:  SifflMY  OF  EJURCtSlS 
AND  ADJUSTING  fltt  ON  MOVING  TANGOS  VI 


TABLE 
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Con* id*;  ch*  second  row  entry  In  Table  10: 

1.  The  EXOt  MBR  indicate*  that  the  training  objective 
correspond*  to  Exercise  2A  (froa  Gunnery  Table  I). 

2.  The  GNt  entry  under  CREW  POS  Indicates  that  the 
firing  la  to  be  done  froa  the  gunner's  station. 

3.  Firing  vehicle  aotlon  Is  stationary  (STA). 

4.  The  target  Is  a  stationary  tank  silhouette  (SIL) 
visible  without  artificial  light  (VIS)  at  60 

asters. 

5.  The  exercise  Is  to  be  practiced  under  daylight 
(DAY)  conditions. 

6.  The  gunner's  day  periscope  (GNt /PER,  D)  Is  to 
be  used. 

7.  SIM  under  AMMO  Indicates  that  slaulated  firing  Is 
used  In  the  sxerclee. 

8.  The  entrlss  under  STANDARDS  Indicate  that  9  rounds 
ars  to  be  fired  within  60  seconds,  with  the  nuaber 
of  hits  unspecified. 

9.  IS  under  METHOD  OF  FIRE  DELIVERY  Indicates  that 
the  battleelght  aethod  of  fire  delivery  Is  used. 

Using  the  lnfonutlon  given  above,  the  training  objective  corre¬ 
sponding  to  Exercise  2A  of  Table  1  can  be  written  ae: 

"Cl von  (a)  a  stationary  M60A1AOS  tank  with  a  aaln  gun 
alaulatlon  device,  (b)  an  operational  gunner's  peri¬ 
scope,  and  (c)  a  stationary  silhouette  target  that  la 
visible  at  60  aetara  (slaulated)  without  artificial 

light  during  the  day;  the  gunner  will  score  _  hits 

within  60  seconds,  using  no  acre  than  9  rounds." 


Discussion 

The  conditions  and  activity  parte  of  the  training  objectives  are 
subject  to  the  saae  consent ■  aa  were  aade  about  the  job  objectives; 
naaaly,  that  soar  lnportant  conditions  are  not  included  In  the  objec- 
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tlv««,  tad  Chat  "hit  targets"  la  coo  general  a  statement  of  tha  gun* 
nary  job.  These  coaments  can  ba  dismissed  on  tha  grounds  praaantad 
aar liar . 

Ona  of  tba  aoat  notable  aspects  of  the  training  objectives  in 
Teblee  10  through  1?  la  tha  number  of  blank  spaces  in  tha  STAJOAKDS 
colvssns.  Tha  Inclination  to  eritielsa  tha  standards  on  tha  basis  of 
incompleteness,  however,  nuat  ba  balanced  against  tha  fact  that  the 
incompleteness  la  intentional.  Tha  designers  of  tha  gunnery  tables 
have  built  flexibility  into  Tables  1  through  VII,  to  pern it  unit  com- 
aandere  to  decide  whan  their  units  are  ready  to  progress  froa  ona 
table  to  tha  next.  Tha  naad  for  flexibility  usually  is  justified  on 
tha  grounds  that  different  units  nay  have  different  training  needs, 
and  that  training  resources  and  daaande  fluctuate  over  tins. 

Maintaining  flexibility  in  tha  standards  for  Tablas  I  through  VII 
nay  ba  reasonable,  lnaanuch  as  the  standards  for  Tabla  VIII  are  rigid 
(at  least  for  sain  gun  engagmients;  no  closing  tines  era  given  for 
tha  machinaguna) .  The  designers  of  the  proposed  tables  are,  in  es¬ 
sence,  telling  unit  comnandara,  "It’s  up  to  you  to  decide  when  your 
people  ere  reedy  to  progress  and  qualify,  but  you  will  have  nothing  to 
eay  about  whether  they  are  quel  if  lad.”  Flexibility  in  standards  pre¬ 
sents  problems  though.  The  main  problem  la  that,  without  rigid 
standards,  ona  newer  knows  "where  crews  are"  with  respect  to  profi¬ 
ciency  or  reedlaeas.  Statements  such  as,  "All  crews  with  X  weeks  of 
training  have  achieved  Tabla  VI  standards,"  era  meaningless  if  tha 
"standards”  for  Tabls  VI  ars  flexible.  Any  awparlaon  among 
craws  that  uses  flexible  standards  will  ba  unsatisfactory  for  tha  same 
reasons  that  measuring  l«*tb  with  s  rubber  ruler  la  unsatisfactory. 
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It  Is  siso  difficult  to  ssc  how,  with  flexible  standards,  unit 
commanders  can  dacldt  whan  a  unit  la  ready  to  progress  from  one  table 
to  another.  Such  declalona  would  be  easier  to  make  (and  juatlfy)  if 
the  "standards"  for  Tables  I  through  VII  were  more  coaplete. 

The  issue  of  where  standards  cose  from  was  discussed  with  respect 
to  job  objectives,  and  applies  equally  to  the  training  objectives. 

The  best  stsndards  are  those  that  reflect  the  need  for  being  aore  pro¬ 
ficient  than  the  eneay.  The  worst  are  those  that  are  based  on  expert 
opinion. 

The  standards  for  Table  VII!  are  coaplete,  and  therefore  do  pro¬ 
vide  a  basis  for  proficiency  ssieeeaent .  And  scoring  for  Table  VIII 
reflects  the  growing  concern  with  econoay  in  tank  gunnery:  points 
arc  awarded  for  speed,  accuracy,  and  conserving  ^munition.  But  the 
rationale  Is  not  clear  for  allocating  three  rounds  for  each  sain  gun 
qual if :cat ion  exercise  when  in  training  only  two  rounds  are  allocated. 
The  emphasis  on  conserving  asssunillon  Is  appropriate  and  should  per¬ 
haps  be  increased,  inasmuch  aa  firing  the  proposed  tables  requlrae 
considerably  more  amsainltlon'  than  did  firing  their  predecessors. 

numerical  Summaries 

After  t-anaform  ing  the  gunnery  exercises  into  training  objactlves, 
a  maser  leal  nisi  i  r  >  was  prepared,  showing  how  many  training  objactlves 

*The  aamunltlon  requirement s  presented  in  FM  17-12  ere  based  on 
three  crew  members  firing  Tables  IV  end  V.  The  requirements  In 
TC  17-12-5  (October  1974)  are  based  on  only  one  crew  member  firing 
Tables  IV  and  V.  Correcting  the  date  so  that  only  one  crew  member 
fires  the  FM  17-12  tables,  one  finds  that  94  rounds  of  105m  ammunition 
are  required  to  fire  the  old  tables,  aa  compared  to  150  rounds  for  the 
tables  in  TC  17-12-5. 


pertained  to  each  weapon,  fira  delivery  net hod ,  and  firing  table. 

This  euaaary  la  presented  In  Table  16. 

The  total  nuaber  of  object lvee  (129)  In  Table  16  la  eight  leae 
than  the  total  nuaber  of  exercise*  In  Gunnery  Tables  1  through  VIII, 
for  reasons  cited  In  the  footnote  of  Table  16.  Ninety-seven  of  the 
exercises  (about  three-quarters  of  the  total)  are  for  aaln  gun  train¬ 
ing;  and  of  the  97,  60  are  battleaight  exercises.  The  heavy  aphasia 
on  Min  gun  training,  and  especially  Min  gun  battleaight  training, 
sasM  appropriate  In  light  of  aasueptlons  about  nld-intenslty  European 
conflicts.  A  question  naturally  arises,  though,  about  the  balance  of 
exercises  across  weapons  and  methods  of  fire  delivery  In  the  tables. 
Only  two  of  the  Min  gun  exercises  provide  range  card  practice,  and  no 
exercises  are  provided  for  range  card  or  range  card  lay  to  direct  fire 
with  the  coax.  The  assumption  here  My  be  that  whatever  la  learned 
during  range  card  practice  In  Exercises  4B  and  5B  of  Table  I  will 
generalise  to  the  coax.  Since  the  range  card  practice  Is  given  early 
in  training,  and  In  only  two  exercises  though,  long-tens  retention  of 
range  card  akllla  probably  la  not  good  —  an  Issue  that  la  not  easily 
resolved,  since  there  are  no  range  card  exercises  In  Table  VIII. 

Perhaps  the  reasons  for  the  exclusion  la  economy.  Range  card  firing 
on  area  targets  with  the  Min  gun  veuld  require  five  rounds.  Consldera- 
t Ion  should  be  given  though  to  Including  s  leas  expensive  range  card 
sngsgsaent  In  Table  VIII  —  a  coax  sngageaent ,  for  example. 

Sob*  of  the  ekllle  practiced  In  one  gunnery  table  ere  repeated  In 
other  tablee.  The  range  My  change  from  one  exercise  to  another,  for 
example,  but  the  Mnlpuletlone  required  of  the  gunner  do  not.  For  this 
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raason,  “ny  of  the  training  objective*  written  from  the  exercises  were 
virtually  Identical.  In  order  to  examine  the  extent  of  redundancy  In 
the  gunnery  tables,  we  counted  for  each  table  the  number  of  exercises 
that  required  skills  that  had  not  been  practiced  in  any  preceding  table. 
The  results  of  this  count  are  presented  In  Table  IV  Of  the  97  stain 
gun  exercises,  47  involve  skills  that  sre  required  In  no  other  exer¬ 
cises;  that  is,  50  of  the  exercises  require  practicing  skills  that  were 
practiced  In  an  earlier  firing  table.  Of  the  20  coax  exercises,  nine 
were  sufficiently  different  froe  one  another  to  qualify  as  "different" 
training  objectives.  Five  of  the  12  caliber  .50  exercises  so  qualify. 

Of  the  129  training  objectives,  a  total  of  61  are  unique. 

Part  of  the  reason  for  the  redundancy  in  the  firing  tables  is 
that  some  of  the  exercises  involve  part-task  ractlce  —  in  which  case 
it  makes  sense  for  sore  than  o-ie  exercise  to  address  one  objective. 

But  the  possibility  that  some  objectives  arc  being  overtaught  should 
be  considered :  Do  trainees  really  need  to  perform  60  main  gun  battle- 
sight  exercises  in  order  to  master  the  31  unique  objectives?  If  not, 
then  perhaps  some  resources  could  be  shifted  to  "beef  up"  parts  of  the 
tables  where  undertraining  seems  likely  (e.g.,  range  card  firing). 

Conclusion 

Some  errors  in  the  gunnery  tsblee  were  noted.  Theee  esn  be  (end 
sppsrently  sre  being)  easily  corrected. 

A  cursory  review  of  the  firing  tablet  reveals  tome  violations  of 
the  tenets  of  instructional  technology.  But  increased  familiarity  with 
the  tables  laads  to  the  conclusion  that  the  "violation!"  may.  In  fact. 
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I  ABLE  19 

DIFFERENT  TRAINING  OBJECTIVES 


totals 


be  concessions  Co  practical  constraints.  Standards  for  Tablaa  I  through 
VII,  for  example,  are  deliberately  incomplete,  to  provide  flexibility 
for  unit  command era.  But  the  need  for  flexibility  must  be  weighed 
against  the  need  for  "knowing  where  we  are"  with  respect  to  gunnery 
proficiency  and  readiness.  Consideration  also  should  be  given  to  rely¬ 
ing  leas  on  expert  opinion  for  standard -set ting,  and  more  on  infor¬ 
mation  about  enemy  capability. 

The  heavy  emphasis  of  the  tables  on  some  methods  of  fire  delivery 
(battlealght  and  precision)  to  the  near -exclusion  of  others  (range 
card  and  range  card  lay  to  direct  fire)  raises  questions  not  only  about 
the  rationales  for  the  Imbalance,  but  also  about  whether  the  little- 
practiced  exercises  are  being  learned  at  all.  And  rhe  large  discrepancy 
between  the  total  numbers  of  training  objectives  and  unique  objectives 
suggests  that  some  overtraining  nay  be  ongoing. 

Finally,  thv  increasing  emphasis  on  economy  In  gunnery  training, 
coupled  with  limitations  on  training  resources .  suggests  that  examina¬ 
tions  are  in  order,  of  potentially  less  expensive  alternatives  for 
accomplishing  gunnery  training  objectives. 


JOB  OBJECTIVES  AND  TRAINING  OBJECTIVES  COMPARED 


Ideally,  evaluation*  of  training  programs  should  take  one  or  both 
of  two  form*: 

1.  Empirical  studies  of  the  relevance  of  training,  to 
establish  the  extent  to  which  skills  and  knowledge 
acquired  in  training  are  related  to  performance  on 
the  Job. 

2.  Eapi  rical  studies  of  the  effectiveness  of  training: 
given  that  training  objectives  are  highly  relevant 
to  performance  on  the  Job,  to  what  extent  is  the 
program  meeting  its  objectives? 

The  stringent  empirical  requirements  posed  by  both  kinds  of  studies  are 
a  mixed  blessing.  Empirical  studies  of  training  relevance  and  effec¬ 
tiveness,  if  competently  designed,  conducted,  and  interpreted,  can  yield 
iron-clad  cases  for  training  revisions.  But  the  high  costs,  admini¬ 
strative  problems,  and  interpretive  difficulties  associated  with  the 
conduct  of  such  studies  demand  reliance  on  less  costly  but  admittedly 
less  convincing  Mans  for  training  evaluation  --  "soft"  evaluations  such 
as  those  that  are  possible  using  the  Job  objectives  and  training  objec¬ 
tives  presented  earlier  in  this  report.  Confidence  in  the  results  of 
such  evaiu.it  ions  rests  on  the  validity  of  several  assumptions: 

1.  That  our  lob  objet lives  are  reasonably  comprehensive; 
that  is,  the  Job  objectives  represent  well  the  full 
range  of  wavs  that  crews  can  neutralize  targets  using 
the  weaponry  available  on  the  MbOAlAOS. 

2.  That  the  probability  of  success  in  combat  increases 
with  Increases  in  crews'  ability  to  neutralize  tsr- 
Ret s  using  all  of  the  means  provided  by  MbOAlAOS 
firepower  and  weaponry. 

J.  That  our  translations  of  gunnery  trsining  content  into 
the  gunnery  training  objectives  presented  esrlier  are 
reasonably  accurate  representations  of  what  is  being 
covered  in  gunnery  training. 
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4.  That  whatever  la  being  learned  by  gunnery  trainees 
la  leaa  than  what  la  being  addressed  by  gunnery 
training. 

Our  comparisons  of  gunnery  Job  and  training  objectives  are  pre¬ 
sented  with  reservations:  Without  eaplrlcal  evaluations  of  the 
relevance  and  effectiveness  of  gunnery  training,  no  unequivocal  con¬ 
clusions  can  be  drawn.  And  without  such  studies,  we  can  neither 
confirm  or  re’ute  the  following  claims  (1)  that  gunnery  training 

as  presently  conducted  yields  maximum  effectiveness  at  least  cost,  and 
(2)  that  If  "the  flag  dropped"  tomorrow  we  would  find  that  our  tank 
crews  were  indeed  capable  of  neutralizing  targets  using  the  entire  gamut 
of  weaponry  and  firepower  provided  by  the  M60A1AOS.  These  are  open 
questions  that  can  never  be  fully  resolved  without  eaplrlcal  studies  of 
the  kind  mentioned  above.  Wc  contend,  however,  that  even  without  such 
studies  the  case  for  revised  gunnery  training  is  easily  made. 

Comparisons 

One  means  for  comparlrg  the  Job  objectives  and  the  training  objec¬ 
tives  is  to  compare  their  total  numbers.  There  are  225  Job  objectives 
and  only  129  training  objectives,  so  something  seems  to  be  mlaslnR  from 
training.  Further,  if  a  single  Job  objective  is  addressed  by  store  than 
on#  training  objective,  then  the  number  of  Job  objectives  left  "uncovered' 
by  training  seems  considerable.1  Notice  though,  that  total  numbers  of 

^Headers  lntarastad  In  exactly  which  job  objectlvaa  ara  and  arc  not 
covered  by  training  are  referred  to  Tables  1  through  7.  Recall  that  tha 
underscored  job  objective  numbers  in  the  tables  correspond  to  job  ob¬ 
jectives  that  are  addressed  by  the  training  exercises  in  TC  17-12-5 
(October  1974).  The  objective  numbers  that  are  not  underscored  In  the 
tables  Indicate  job  objectives  that  art  not  addressed  in  TC  17-12-5. 
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job  objectives  or  training  objectives  are  mainly  functions  of  rh*  num¬ 
ber  of  conditions  and  levels  within  conditions  used  in  the  objectives. 
As  noted  earlier,  with  two  two-level  conditlona  (and  one  task)  the  num- 
ber  of  possible  objectives  is  four.  Add  another  two-level  condition 
and  the  number  is  eight.  Add  another,  and  16  different  objectives  esn 
be  written. 

Notice  also  that  eifoctlvo  training  does  not  require  a  one-to-one 
relation  between  training  and  job  objectives.  Efficient  progress,  ss 
a  matter  of  fact,  may  have  fewer  training  t  tern  Job  objectives,  because 
the  training  developers  will  have  designed  exercises  that  cut  across 
Job  objectives,  and  will  have  deliberately  excluded  some  Job  objectives 
frew  training  (objectives,  lor  example,  that  correspond  to  non-crltlcal 
skills  and  knowledge;. 

For  the  reasons  noted  above,  i oapar 1  sons  between  the  total  numbers 
of  Job  and  training  objectives  are  not  particularly  instructive. 

Other  methods  of  coeparing  the  Job  and  training  objectives  are  pro¬ 
vided  in  Table  20.  The  first  two  rows  of  the  table  are  iterations  of 
data  presented  earlier  --  numbers  f  Job  objectives  and  training  objec¬ 
tives,  bv  weapon  and  method  of  (ire  delivery.  The  numbers  in  the  third 
row  are  new.  To  compute  t  lire,  we  toe's  each  of  the  121  training  objec¬ 
tives,  one-by-one.  and  paired  it  with  the  Job  objective  to  which  It  was 
most  related.*  This  pairing  of  training  and  job  objectives  provided  an 
indication  of  the  relevance  of  proposed  gunnery  training  to  the  gunnery 

*See  Table  9  for  information  on  which  training  objectives  were 
related  to  which  Job  objectives. 
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job.  Nearly  all  of  the  training  axerciaaa  could  be  related  tr  at  leaat 
one  Job  objective.  The  relevance  of  gunnery  training  to  the  gunnery 
job  therefore  eeene  unquestionable. 

Any  job  objective  that  had  at  leaat  one  training  objective  re¬ 
lated  to  it  uas  counted  as  "one,"  and  Included  in  the  third  row  of 
Table  20. 

To  Interpret  the  data  In  Table  20,  consider  the  first  colimn, 
labelled  "Battlasight. "  There  are  32  job  objectives  and  60  training 
objectives  for  main  gun,  battlesight  firing.  The  60  training  objec¬ 
tives  are  related  to  12  of  the  32  job  objectives,  leaving  20  of  the  32 
main  gun  battlesight  Job  objectives  not  addressed  by  training. 

In  the  second  column  ("Precision")  of  Table  20,  we  see  that  there 
are  28  Job  objectives  and  35  training  objectives.  The  35  training  ob¬ 
jectives  are  related  to  12  of  the  28  job  objectives,  leaving  16  main 
gun  precision  job  objectives  not  covered  by  training. 

Rather  large  mashers  of  job  objectives  not  addressed  by  training 
appear  in  the  rest  of  Table  20:  57  coax,  non-precision  objectives; 

34  coax  precision  objectives,  30  range  card  lay  to  direct  fire  (coax) 
objectives,  and  15  caliber  .50  objectives. 

All  told,  only  40  of  the  225  job  objectives  are  addressed  by  the 
training  exercises  proposed  in  7C  17-12-5  (October  1974).  One -hundred - 
eighty-five  Job  objectives  (more  than  three-quarters  of  the  total) 
are  not  addressed  by  training. 

The  most  important  aspect  of  Table  20  la  that  many  job  objectives 
have  no  training  objectives  related  to  thaa.  This  is  to  be  expected 
in  some  measure,  because  the  nimber  of  job  objectives  (225)  la  greater 
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than  the  number  of  training  objectives,  and  because  more  than  one 
training  objective  may  be  related  to  a  single  job  objective.  But  the 
fact  that  185  Job  objectives  —  over  three-quarters  of  the  gunnery  job 
as  defined  by  our  objectives  —  are  not  addressed  by  training  demands 
additional  inquiry. 

Tables  1  through  7,  in  the  section  of  this  report  entitled  "Job 
Objectives,"  show  which  job  objectives  are  not  addressed  by  training. 

A  review  of  these  tables  provided  information  on  training  omissions, 
which  are  highlighted  in  Table  21.  Here  we  see  that  many  of  the  job 
objectives  that  are  not  addressed  by  training  Involve  moving-moving 
engagements  with  all  three  weapona.  Whether  or  not  to  include  moving- 
moving  engagement  a  in  training  undoubtedly  will  be  decided  in  light  of 
emerging  stabilization  gunnery  doctrine  on  whether  or  not  crews  should 
f  ire  on  the  move . 

Another  large  group  of  objectives  that  is  not  addressed  by  train¬ 
ing  ia  for  the  TC  firing  from  the  TC ’ s  station.  The  proposed  tables 
Include  only  two  objectives  for  the  TC  firing  the  main  gun  from  the 
TC'a  station,  and  both  objectives  are  for  precision  engagements.  The 
rationale  for  not  providing  more  practice  firing  the  main  gun,  and 
for  providing  no  practice  firing  the  coax  from  the  TC’s  station  may  be 
that  the  TC  waa  formerly  a  qualified  gunner.  Whether  or  not  prof i- 
ciency  in  firing  from  the  gunner's  Beat  generalizes  to  firing  from  the 
TC's  station  ia  questionable.  Consideration  slwuld  therefore  be  given 
to  providing  more  coax  and  main  gun  practice  for  the  TC  firing  from  his 
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TABLE  21 


•  tit ion.  Consideration  night  also  be  given  to  having  the  gunaer  prac¬ 
tice  firing  from  the  TC's  station,  because  of  the  TC's  vulnerability. 

Another  reason  that  a  large  number  of  coax  Jo.'  objectives  is  not 
addressed  by  training  is  because  the  job  objectives  include  coax  en¬ 
gagements  using  up  to  six  different  fire-control  Instruments,  and 
tra lntng  does  not . 

Thj  15  caliber  .50  Job  object iver  that  are  not  addressed  In  train¬ 
ing  are  noetly  moving  engagements  against  point  targets. 

Discussion 

The  relevence  of  the  new  exercises  to  the  gunnery  Job  seems  un¬ 
questionable:  nearlv  all  of  the  exercises  sre  related  to  st  least  one 
Job  objective. 

While  the  relevance  of  the  new  tables  is  unquestionable,  their  com¬ 
prehensiveness  Is  not.  Some  Job  objectives  receive  only  cursory  treat¬ 
ment  In  the  tables,  end  most  ere  not  addreeeed  at  all.  The  new  tables 
address  lees  than  a  quarter  of  the  job  objectives  identified  during  this 
project-  Whether  or  not  the  unaddressed  objectives  err  sufficiently 
Important  or  critical  to  he  addressed  In  f  <'r  t  hems  Inc  revisions  of  the 
gunnery  tables  Is  a  pollcv  matter  not  within  our  purview. 

For  a  variety  of  reaaona  (usually  related  to  coat)  selectivity  most 
be  exercised  In  deciding  what  to  Include  in  training.  Training  programs 
seldom  can  address  all  of  the  skills  end  knowledge  required  foe  effec¬ 
tive  Job  performance.  Some  skills  and  knowledge  must  be  left  out. 

Making  correct  decisions  about  which  skills  end  knowledge  to  ex¬ 
clude  from  training  le  the  moat  difficult  part  of  the  training  developer's 
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job.  Ideally,  such  declalona  ara  mad*  on  th*  baait  of  carefully  con- 
trollad  **p*r lmanca  to  Identify  critical  job  requlrmeente.  In  practice 
auch  atudlaa  aaldom  ar*  performed ,  bacaua*  of  high  coata  and  tha  ob- 
vloua  problems  aaaociated  with  amplrically  eatabllahlng  critical  require 
manta  for  affective  performance  In  combat.  Such  atudlaa  are  not 
recommended  for  determining  r> •* nery  training  content.  Instead,  policy 
maker*  reaponalble  foe  decision*  about  the  content  oi  gunnery  training 
•hould  review  carcfullv  thoae  job  objective*  that  will  not  be  addreaaed 
In  th*  new  firing  table*.  Two  question*  need  to  be  anawarad:  "What 
are  th*  rlska  aaaociated  with  tank  craw*'  failure  to  aaater  th*  job  ob¬ 
jective*  that  arc  excluded  from  training?"  And  If  th*  risk*  ar*  great , 
"How  can  they  be  reduced?" 

Cunnery  training  a*  proposed  in  TC  17-12-5  (October  1974)  la  not 
comprehenaive .  <>j  eat  lone  also  can  be  raleed  about  It*  efficiency: 

Can  more  be  taught  (and  learned)  within  existing  constraint*  on  training 
manpower,  equijment ,  time  and  money?  Or  can  existing  proficiency  level* 
be  maintained  at  leaa  coat'  both  quest  Iona  receive  affirmative  answer* 
In  our  view. 

Research  should  be  continued  to  determine  what  effect,  if  anv, 
decreased  reliance  on  firing  105ms  round*  will  have  on  gunnery  perfor¬ 
mance.  All  ieaaonablr  alternatives  to  live  firing  should  be  considered. 
Including  aubcaliber  and  dry  firing.  Hopefully,  the  result*  of  auch 
studies  will  put  to  raat  the  debate*  about  whether  live  fir*  la  necaa- 
aary  or  simulation  la  aufflclent.  Live  fir*  probably  will  prove  to  be 
aaaentlal  for  mm  aspects  of  gunnary.  Simulation  will  prow*  totally 
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sufficient  for  others.  A  elgnlflcent  contribution  c«n  be  made  b>  both 
live  fire  end  elwjlstlon,  snd  the  problem  is  to  find  the  optimal 
mix. 

Maintaining  preaent  levels  of  proficiency  at  lees  cost  does  not 
seen  particularly  difficult.  Teaching  sore,  while  staying  within  pres¬ 
ent  budget  constraints  is  a  different  Batter.  The  job  objectives 
developed  during  this  project  provide  a  data  base  for  developing  gunnery 
progress  that  teach  sore.  Analysis  is  needed  to  specify  the  coupon ent 
skills  in  the  job  object  Ives.  Once  specified,  skills  can  be  identified 
that  cut  across  Job  objectives.  These  skills  can  than  be  Incorporated 
Into  enabling  objectives,  the  eastery  of  which  will  promote  learning  of 
the  sailsus  nunber  of  Job  objectives.  The  enabling  objectives,  In  con¬ 
junction  with  teralnal  (job)  objectives  that  sre  selected  on  the  basis 
of  their  difficulty,  criticality,  or  frequency  of  performance  on  the  Jcb, 
should  be  used  In  the  deslfn  of  training.  Our  guess  is  that  the  en¬ 
abling  objectives  will  prove  to  be  prime  <andld«tes  for  simulation,  and 
the  teralnal  objective*  for  live  fire. 

Finally,  we  would  be  remiss  if  we  did  not  comment  on  the  need  for 
viewing  gunnery  training  in  a  larger  "systens"  context.  Just  as  *» refla¬ 
tion  and  live  fire  can  be  viewed  at  oear^  for  accoepl  ishing  the  goal*  of 
gunnery  training,  wo  can  the  goal*  of  gunnery  training  he  viewed  a* 
a«ana  tc:  eccoapl lehlng  cthec  cuperord inate  goals  —  goal*  that  involvr 
neutralising  targeta  at  laaat  cost.  System*  thinking  demands  that 
altarnatlvae  and  supplements  to  training  for  achieving  these  goals  be 
considered  —  potentially  lata  expenalve  alternatives  and  supplements 
such  as  improved  equipment  reliability  and  personnel  selection  techniques. 
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CONCLUSIONS 


The  gunnery  job  objcc t Ives  developed  during  this  project  m»  com¬ 
prehensive  ■ 

If  the  job  objective#  do  describe  the  full  range  of  ways  that 
crews  can  neutralize  targets  using  M60A.1A0S  weaponry,  then  a  basis 
ha  a  been  provided  for: 

A .  Cocap  a  r  lug  the  content  of  proposed  gunnery  training  to 
gunnery  job  content.  This  in  turn  penal ts  comparisons 
between  what  will  be  included  in  training  and  what  will 
be  esc luded . 

B .  Developing  training  for  crews  of  tanks  other  than  the 
M6QA1A0S .  The  objectives  for  the  MbQAlAOS  can  be  re¬ 
written  to  forn  a  coeprehentive  set  of  job  objective* 
for  any  new  tank,  by  replacing  any  conditions  and  levels 
within  conditions  that  are  unique  to  the  MbOAlAOS  with 
conditions  and  levels  that  apply  to  the  new  tank. 

C.  Increasing  the  efficiency  of  gunnery  training.  By  speci¬ 
fying  the  coaponent  skills  in  the  gunnery  job  objectives, 
and  then  identifying  coaponent  skills  that  cut  acroas 
objectives,  a  basis  will  be  provided  for  specifying 
enabling  objectives.  Mastery  of  the  enabling  objectives 
should  promote  learning  of  the  aaxlnuc  nuaher  of  job 

oh)  cc  t  1  v*»  . 

D .  Fva  1  uat  trig  t he  e f _f_ec  t  lve ness  o f  gunnery  training .  The 
job  objectives  ran  be  used  as  a  pool  froe  which  liens 
mv  be  selected  for  evaluating  gunnery  training.  Objec¬ 
tives  could  be  selected  from  t  fie  pool  randoaly  for  use  in 
evaluation,  or  on  the  basis  of  criticality,  difficulty, 
or  frequency  of  per f ormanc e  The  pool  could  be  reduced 
before  item  selection  bv  deleting  objectives  that  may  be 
too  cost Iv  to  test. 

The  gunnery  performance  standards  proposed  in  TC  1 7-12-5  should  be 
revised  for  increased  spec  1 f lc ity  and  decreased  reliance  on  expert 

opinion . 

While  som#  flexibility  aay  he  desirable  in  the  setting  of  gun¬ 
nery  performance  standards,  the  need  for  flexibility  nuet  be  weighed 
agalnat  the  need  for  "knowing  where  we  are"  with  respect  to  gunnery 


readiness.  Simply  making  the  standards  less  flexible  will  not  be 
•nough.  If,  as  current  doctrine  indicates,  our  tank  crews  will  be 
•xpsctsd  to  win  outnumbered,  then  the  standards  for  performance  in 
training  suet  reflect  the  need  to  be  faster  and  more  accurate  than 
prospective  opponents.  Our  rec oesendat ion  is  not  for  research, 
but  for  review  and  deliberation  by  policy  makers:  Do  the  proposed 
standards  rsflect  what  is  known  by  cnosv  gunnery  eapabil it iee ?  And 
what  is  the  likelihood  that  meeting  the  proposed  standards  will 
result  in  gunnery  proficiency  that  is  greater  than  that  of  pro¬ 
spective  enceies? 

3.  The  relevance  of _ the  gunnery  cxcrcjsrs  pr  -posed  in  TC  17-12-3  to  the 

gunnery  job  seen*  unburst  lenabl «  . 

Nearly  all  of  the  training  oxer  i-.es  wire  related  to  at  least 
one  Job  objective.  The  few  inatasues  where  training  exert  iscs 
could  not  be  related  to  Job  objectives  Involved  minor  errors  In 
the  exercises,  which  are  being  o'liriti-il. 

4.  Gunnery  t  r  a  trying,  a «  proposed  in  TC  W-i.’-Sj  is  nop  c  onpr  ehena  tve . 

Some  job  obje-  t  tv-c-i  are  ,-rphas  1  red  in  the  new'  tables  --  ob  t  e<  - 
tives  for  main  gun  battlesight  aru!  precis  lor.  engagements,  lor 
exaaple.  Other  j  b  objectives  re.  t  i-e  e.nlv  nirwrv  treatment  In 
the  new  tables;  range-card  and  range-c ard-1 av-to-d Ir eel -f ire  objec¬ 
tives  arc  example*.  but  most  of  the  job  c*  ‘er  lives  arc  not  addressed 
at  all.  Example!  of  Job  objective*  that  are  not  addressed  in  the 
proposed  tables  include  all  objective*  that  involve  the  TC  firing 
battleeigt.t  fro*  hie  station,  the  TC  firing  the  coax  fro*  hit  station, 
mov ing-*ov lng  engageoents,  and  precision  firing  from  a  moving  tank. 
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Policy  ackers  responsible  for  decisions  about  the  content  of 
gunnery  training  should  review  carefully  those  Job  objectives  that 
will  not  be  addressed  in  the  new  firing  tables.  Two  questions 
nust  be  answered:  "UHat  are  the  risks  associated  with  tank  crews’ 
failure  to  ouster  the  jub  objectives  that  are  excluded  from  train¬ 
ing?"  And  11  the  risks  are  great,  "Mow  can  they  be  reduced?" 

Gunnery  training  Is  one  oi  several  tncans  for  accooplishinR  the  goal 
of  neutralising  targets  at  least  cost.  Alternatives  and  supple¬ 
ments  to  training  should  bo  considered 

Just  as  simulation  and  live  {ire  can  be  viewed  as  means  for 
accomplishing  the  goal*  of  gunnery  training,  so  can  gunnery  training 
bo  viewed  a*  a  scan*  !or  ,iu  —  pltshing  superordinate  goals,  namely, 
neutralizing  target*  at  least  tost.  Svstrms  thinking  demands  that 
the  full  range  of  alternative*  and  supplement*  to  tr  lining  for 
achieving  these  goals  be  vonsldcred  ;>c-ent  i  al  1  v  less  expensive 
alternative*  and  supplement*  such  a*  improved  equipment  reliability 
and  personnel  selection  techniques. 
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Appendix 


A.  Aaauotptlona  uaad  In  Kaelnaeing  Ptrformance  Tlaea 

B.  Conatanca  Uaad  In  Eaelaallng  Parforaance  Tlaaa 


APPENDIX  A  ASSUMPTIONS  USED  IN  ESTIMATING  PERFORMANCE  TIKES 


The  assumptions  which  follow  ware  suds  in  order  to  provide  a  coion  frame 
of  reference  for  setting  performance  standards.  We  realise  full  well,  for 
example,  that  in  coe&at  some  targats  will  ba  amoving  at  spaeds  other  than  8 
through  15  alias  per  hour,  that  lllualnating  shells  can  ba  used  at  lass  than 
loOO  aeters,  and  that  not  all  targets  will  be  immediate  threats.  Aa  noted  in 
the  body  of  the  report,  one  of  our  goals  was  to  avoid  proliferation  of  job 
objectives  --  a  goal  that  could  not  have  bean  aet  had  we  presented  differant 
standards  and  different  objectives  for  targets  aovlng  at  ?,  as  opposed  to  8 
miles  per  hour;  1*.  as  opposed  to  l6  degree  angles  of  traverse;  and  the  like. 
The  line  had  to  be  drawn  somewhere .  Our  assumptions  define  where  we  drew  the 
line . 


FIRINC  VEHICLE 
General 

1.  During  battlestght  engagements,  the  appropriate  range  and  annuni* 
tlon  are  indexed  Into  the  rangefinder  and  computer,  respectively, 
L1X  meters  for  HEAT,  and  1/00  meters  for  SABOT  ,  and  the  round 
Is  loaded  In  the  chamber. 

During  precision  engagement*  with  the  tank  coeiaander  firing,  the 
tank  commander  1*  observing  through  hl»  optic*  when  starting  the 
fire  command. 

*•  c  ard  data  are  available  for  firing  the  sain  gun  or  coaxial 

machine gun . 

■*  .  In  firing  range  card  lay  to  direct  fire,  the  range  card  data  are 
used  to  lay  the  main  gun  or  coaxial  machlnegun  In  the  general 
vicinity  of  the  target  before  illumination  Is  used  to  bring  fire 
to  bear  on  the  target. 

When  firing  the  main  gun  using  range  card  lay  to  direct  fire, 
ranging  it  required,  regardless  of  range,  once  the  target  Is 
Illuminated  with  white  light  or  Illuminating  shells. 

*  When  firing  the  coaxial  suchlnegun  using  rang*  card  lay  to  direct 
fire,  ranging  It  required  beyond  'OO  meters  once  the  target  Is 
Illuminated  with  white  light  or  Illuminating  shells. 

When  the  tank  coemunder  or  gunner  has  fired  the  main  gun,  he  is 
able  to  sense  the  first  round  and  apply  burst -on-target  (BOT),  if 
required.  Por  the  purposes  of  this  study  sensing  of  "lost"  and 
subsequent  fire  coisands  were  not  considered. 

•5.  Starting  or  opening  times  for  all  engagements  begin  when  the  tank 
contender  Issues  the  alert  elesmnt  of  the  fire  coanund. 
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9.  The  tank  commander  cannot  range  on  targets  using  the  aetascope 
attached  to  the  range  finder,  the  stetascope  can  be  used  effec¬ 
tively  against  targets  emitting  and  IR  light  source,  but  It  Is 
not  practical. 

ID.  The  tank  coaisnder  does  not  use  the  precision  method  when  firing 
the  caliber  .50  machlnegun.  He  will  apply  the  burst-on- target 
(BOT)  technique  of  fire  against  most  targets. 

II.  During  engagements  where  the  tank  commander  must  fire  the  main 
gun,  it  probably  Is  Impossible  to  range  and  track  the  target  at 
the  same  time.  (Ranging  and  tracking  are  both  right-hand 
operations  on  the  M60A1A0S  tank.)  The  tank  commander  can  fire 
using  battlesight  or  by  Indexing  an  estimated  range  to  target 
into  the  rangefinder. 

Hot  ion 


12.  The  spead  of  the  firing  vehicle  when  engaging  targets  on  the 
move  la  10-13  KPH.  This  spead  was  selected  as  an  optimum  for 
firing  on  the  move,  based  on  Information  In  FM  17-12. 

13.  When  firing  on  tha  move  at  a  moving  target,  the  firing  vehicle 
and  target  ars  moving  in  opposite  (lateral)  directions. 

14.  Whan  firing  on  the  move  at  a  stationary  target,  the  tank  la 
moving  toward  the  target  at  an  angle  of  13  degrees  or  leas. 


Fire-Control  Instruments 


13.  The  IR  periscope  la  considered  the  primary  fire-control  instrument 
when  firing  at  night  at  1100  aeters  or  leas.  Beyond  1100  meters, 
white  light  and  day  eights  are  considered  the  primary  fire-control 
Instruments. 

16.  When  using  the  gunner's  telescope,  the  maximur.  effective  range 
for  SABOT  is  2800  aeters;  and  3200  meters  for  HEAT,  HEP,  and 
BEEHIVE. 

17.  The  gunner's  day  periscope  la  the  primary  firing  sight  for  en¬ 
gaging  point  targets  with  the  coaxial  machlnegun  during  the  day, 
or  at  night  using  white  light. 

IS.  Tha  Infinity  sight  Is  the  gunner’s  primary  firing  sight  for  en¬ 
gaging  area  targets  with  the  coaxial  machlnegun  during  the  day, 
or  at  night  using  white  light. 

19.  The  IK  periscope  Is  the  gunner's  primary  firing  sight  for  en¬ 
gaging  area  targets  with  the  coaxial  machlnegun  at  night  using  IR. 
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Visibility 


20.  The  maximum  effective  range  of  1R  la  1100  cetera. 

21.  The  maximum  effective  range  of  white  light  la  1600  cetera. 

22.  Illualnatlng  shells  are  required  to  enhance  target  visibility 
beyond  1600  meters.  Illualnatlng  ahella  can  be  used  at  all 
ranges  under  1600  meters.  But  for  purposes  of  this  study,  we 
assumed  that  1R  and  white  light  would  be  uaed  within  their 
range  capabilities;  and  Illualnatlng  shells  would  have  to  be 
uaed  at  farther  ranges.  If  white  light  were  required. 

23.  Using  white  searchlight  or  illualnatlng  shells  does  not  affect 
gunnery  performance  differentially. 

tap.  err 

Ceneral 


24.  The  target  always  la  considered  an  immediate  threat  to  the  tank 
crew.  The  target  aust  be  engaged  with  the  weapon  syataa,  method 
of  fire  delivery,  fire-control  Instrument,  and  ammunition  that 
will  neutralise  the  target  In  the  least  amount  of  time.  All 
targets  were  considered  threats  In  order  to  derive  the  minimum 
performance  standard  for  target  destruction. 

25.  Troops  are  considered  to  be  stationary  area  targets. 

26.  The  target  local  Ions  for  all  engagements  with  the  main  gun, 
coaxial  aachlnegun,  and  caliber  .50  machinegon  are  within  a 
30  degree  arc  to  the  front  of  the  tank. 


Mot  Ion 


27.  The  speed  of  moving  targets  is  8-15  MPH. 


APPENDIX  B  Constants  Used  in  Estimating  Performance  Times 


CONSTANTS  FOR  OPENING  (FIRST-ROUND)  TIME 

ACTIVITY  TIME  (sec) 

.  Firing  the  Min  gun,  battleslght,  from  a  stationary  tank 
target  from  the  gunner's  position  .  7 

.  Firing  the  coaxial  aachinegun  at  a  stationary  tank 
against  a  stationary  target  from  the  gunner's  position  .  8 

.  Firing  the  caliber  .50  oachinegun  from  a  stationary  tank 
against  a  stationary  target  from  the  commander's  position  ...  7 

.  Firing  the  main  gun  or  coaxial  aachinegun  in  the  stabilized 
mode  from  a  moving  tank  against  a  stationary  target  .  3 

.  Firing  the  caliber  .50  aachinegun  in  the  non-stabil ized 
mode  from  a  moving  tank  against  a  moving  target  .  5 

.  Firing  60,  7.62m  rounds,  using  20-25  round  bursts  .  10 

.  Firing  100-150,  7.62mm  rounds,  using  20-25  round  bursts  .  25 

.  Firing  50,  caliber  .50  rounds,  using  10-20  round  bursts  .  9 

.  Firing  100-150,  caliber  .50  rounds,  using  10-20  round 

bursts  .  2  3 

.  Firing  50,  caliber  .50  rounds  at  aircraft  targets  .  4 

.  Moving  down  from  tank  o nomander ' s  open  hatch  position  to 

use  rangef inder  .  3 

.  Indexing  HF.P  for  coaxial  mac li lnegun  .  1 

.  Indexing  firing  data  using  the  auxiliary  fire  control 

Instruments  .  1 

.  Using  the  gunner's  telescope  . 2 

.  Using  aim  -off  with  the  rangefinder  or  gunner’s  periscope 
when  firing  BEEHIVE  aeaunitlon  . .  2 

.  Using  Infrared  (IK)  illumination  .  10 

.  Using  white  light  (searchlight  or  illuminating  shells)  .  5 


ACTIVITY  TIME  (sec) 

.  Tracking  fro*  a  stationary  or  aoving  tank  .  3 

.  Ranging  on  a  target  .  3 

.  Setting  the  fuse  on  BEEHIVE  aasunltion .  S 

.  Loading,  after  setting  fuze  on  BEEHIVE  aanunltion  .  3 

.  Pausing  before  firing  the  main  gun  .  ) 


CONSTANTS  FOR  (SECOND-ROUND)  TIME 


ACTIVITY  TIME  (sec) 


.  Using  infrared  (IR)  Illumination  .  2 

.  Using  white  light  (searchlight  or  11 luninat ing  shells)  .  2 

.  Sensing  .  A 

.  Load  ng,  after  setting  fuze  on  BEEHIVE  aK*unltlon  .  3 

AttfUNITION  FLIGHT  TIME  TIME  (sec) 


.  SABOT/ HEAT 

1100  aeters  .  1 

1600  asters  .  2 

3200  aeters  .  A 

.  BEEHIVE 

1100  asters  .  L 

1600  afters  . 2 

3200  asters  .  b 

.  HEP 

li 00  asters  .  2 

1 600  aeters  . 3 

3200  aeters  .  8 
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